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Chapter 1 
Introduction 
CHAPTER 1 
INTRODUCTION 
Chicory {Cichlcorium intybus L. var. sativum DC) is a rcx)t crop (Figure 
1.1), which is presently used as a coffee additive or as its substitute and the 
leaves and roots of which have certain medicinal characteristics. Chicory 
plant is supposed to have descended from the wild chicory (wild succory, blue 
sailors) which is often seen along roadsides with its blue flowers. It is related 
to the endive Cichorium intybus L. var. folisum Hegi, a plant that has thick 
leaves. The roots of this plant were used as vegetables and salads as they 
were reported to be stomachic (Baumann, 1982). Its in^sion was supposed 
to be good for the liver, kidneys and stomach (Baumann, 1982 and Franke, 
1981). 
Figure 1.1: Chicory Crop 
As a medicinal plant, the Chicory is often recommended for jaundice 
and for spleen problems. The juice of the leaves and a tea made from the 
flowering plant pronrrate the production of bile, the release of gallstone, and 
elimination of excessive internal mucous. They are also useful for gastritis, 
lack of appetite, and digestive difficulties. A decoction of the rootstock is said 
to be beneficial to the glandular organs of the digestive system. 
Fresh raw chicory roots (Figure 2.2) contain a considerable quantity of 
water ranging from 78-80% in addition to a high content of carbohydrates 
present in the form of inulin, a composite starch which is lost during storage 
of chicory. Inulin is a polysaccharide with small amounts of glucose as a non-
reducing end group (Singh, 1970; MacGregor, 1980). 
Figure 1.2: Fresh Chicory Roots 
The important minerals present in chicory roots (4-6% db) are 
potassium, sodium, calcium and magnesium. Milk sap (lactose) of the roots 
and heads of chicory contain lactuci and lactucopicrin, both of which are 
sesquiterpene, iactonnes responsible for the bitterness of these plants (Maier, 
1981; Leclereq, 1984). It differ from coffee in the absence of volatile oil, rich 
aromatic flavour, caffeine and caffeotannic acid, and in the presence of a 
large amount of ash, including silica. 
However, as chicory increases both, the bulk and keeping quality of 
coffee besides providing spedal flavour and taste and thus improving the 
quality of puree coffee, the current interest in cfiicory is due to its worldwide 
use in the manufacturing of coffee related and coffee products viz. coffee like 
beverages, powdered dried extract or paste. It may also be used as a 
flavouring ingredients for various other food products viz. desert mixes, 
confectionery composition, etc. Fresh chicory roots may also be treated as a 
potential fructose crop (Choubey and Donell, 1977). 
The worldwide composition of dried chicory root in 1985 was estimated 
to be 128,000t of which approximately 57% was consumed in Western 
Europe (32% in France, 9% in Belgium, 4% in Switzerland, and 2% each in 
Spain, Great Britain and West Germany with lesser amounts in Austria, the 
Netherlands, Portugal and Italy), 12% in South Africa, 9 % in India and 2 % in 
the United States. The production of green chicory root in 2003 was 
estimated as 97,200t in Belgium, 262,500t in France, 220,800t in Italy, 
91,900t in the Netherland, 1,600t in Spain and 100,000t in India. 
India has about 10% share in its international trade and its 
consumption is promoted by food processing industries like M/s Nestle India 
Limited and M/s Hindustan Levers who also export chicory to various 
countries. The estimated production of roasted chicory in India is 33,000 
tonnes out of which 15,000 tonnes each is consumed as branded and blend 
in filter coffee. 
In India, the chicory crop is mainly produced in Jamnagar, Kheda and 
Mehsana districts of Gujarat followed by Etah and Aligarh districts situated in 
Western Uttar Pradesh. The average productivity of this crop in 30-32.5t/ha 
and with an average sale price of Rs 1500/t and the cost of production of Rs 
12,000/ha, the net return and net profit after primary processing of roots work 
out to be respectively Rs 47,000//ha and Rs 35,000/ha. Because of high 
return/ha, farmers of Aligarh and Etah have formed Grower's Association and 
under technical guidance of experts of M/s Nestle India Limited and M/s 
Hindustan Levers Limited and as contact farming, large area is coming under 
this crop every year. The Growers Association of chicory in Etah and Aligarh 
have also started export of roasted chicory to certain countries of Europe and 
Africa and this export potential is also showing an increased trend during last 
two years. The twin districts of Aligarh and Etah in UP. state, which have 
approx. 3,500 ha area (2003 status) at present under this crop have the 
potential of increasing production of chicory roots four to five times only if 
there could be some efforts in direction of mechanization. Presently the 
production as well as post production technologies used by farmers of this 
region are labour and energy intensive, time consuming, low productivity 
oriented besides resulting in high post harvest losses, both in terms of 
quantity (20-30%) and quality of roasted products (Dagur,<2001). 
Being comparatively a new crop, having a very small area under 
cultivation in India, no major emphasis has been given in the past to develop 
suitable post harvest technologies of this crop, though this crop has sufficient 
scope of improvement in processing and profitability to producers, as 
described below: 
The post harvest operations of chicory are carried out in two stages. In 
first stage the unit operations involved are washing of the chicory roots to 
remove attached soil. (4-6% by weight of the roots), slicing/dicing, drying and 
roasting. These operations are carried out at the level of Growers and 
Processors Association. In second stage, the roasted roots are pulverized as 
fine powder and mixed in the roasted coffee bean powder at the coffee 
industry level. Sometimes the water extract is taken out from roasted chicory 
roots and its spray dried mix in the coffee powder. 
The traditional methods of washing roots in a washing tank, slicing the 
roots in a locally designed slicer, sun drying over white polyethylene sheet, 
etc. are the post harvest operations which are both un-hygienic and time 
consuming. In washing tank the spent water is reused several times and 
microbial contamination is not properly removed. The slices produced by 
indigenous slicer are of non-uniform size which leads to uneven drying and 
under/over roasting of slices. The traditional sun drying, as practiced by the 
processing industry requires 3-4 days for moisture reduction from 80 % to 12-
13% on dry basis. During this period a high percentage of slices (20-30%) 
ferment. The colour of sun dried slices are very dark. The sugar content of 
such slices increases at very fast rate because of v\/hich they are usually 
rejected by coffee industry. Approximately 20-30% of such post harvest 
losses are very common as the popular trend in coffee industry is to only 
process chicory slices which have a high inulin but low reducing sugar 
content. Drying at higher temperature is possible though not practiced, in 
India. However, because of thermolabile character of inulin, a high drying 
temperature may result in partial hydrolysis and steady increase in the total 
reducing sugar causing further rejection by the industry. The other problems 
faced by chicory processing industry are 
1. The present interest in use of chicory roots only as coffee additive 
or as coffee substitute because of which surplus roots are not 
procured by the processing Industry. 
2. There is, at present, no utilization of over/under roasted slices or 
fermented slices, which creates a big disposal problem for the 
processors (Dagur, 2003) 
Thus, there is an urgent need for developing appropriate post harvest 
technologies for chicory crop suitable for Indian soil/climatic conditions with 
respect to sowing, interculture, method and time of harvesting, storage and 
drying conditions, etc. and to fulfill the need of farmers for the diversified 
usage of surplus fresh chicory roots as well as of the so called waste / refuse 
of the primary processing industry. 
In light of above problems faced by processors of chicory in India and 
scanty informations available in literature related to post harvest management 
of chicory crop viz. post harvest operations (washing, slicing and drying), 
product diversification, residue utilization as well as their quality control, 
physico-chemical, organoleptic and textural characteristics of new products 
developed from chicory roots, the present research work was carried out at 
the Department of Post Harvest Engineering and Technology, Faculty of 
Agricultural Sciences, Aligarh Muslim University, Aligarh, India, with following 
objectives: 
1. Study of the present practices of post harvest management in Etah 
and Aligarh region. 
2. Performance evaluation of root washer and slicer developed for other 
crops 
3. Studies on drying characteristics of chicory slices in sun, solar, tray, 
belt and fluidized bed drying systems. 
4. Development of chicory pickles and studies on physico-chemical, 
microbiological and textural characteristics and sensory attributes of 
developed chicory pickles stored at room temperatures in various 
packaging materials. 
Chapter 2 
Review of 
Literature 
CHAPTER 2 
REVIEW OF LITERATURE 
Chicory is a perishable root crop. The post harvest management of 
chicory depends upon many factors viz. harvesting, maturity at the time of 
harvesting, v\/ashing, type and size of cubes/slices, method of drying, 
conditions of packaging and transportation, storage etc. Post harvest 
management of raw chicory becomes very important in developing countries 
like India that have insufficient transport facilities, lack of good roads, 
inadequate storage facilities and poor availability of suitable packaging 
materials. 
in view of above, an effort has been made in this chapter to review the 
available literature related to various post harvest aspects of chicory. 
2.1 History 
Chicory is a root of Cichorium intybus L. var. sativum DC. It is related 
to the endive {Cichorium intybus L. var. foliosum i-iegi),, a plant that has thick 
leaves and are used for salads. At first the wild plant was used, but since 
approximately 300 B.C. chicory has been cultivated (Springer, 1940). Various 
authors, in ancient times, viz. Aristophanes (450-380BC) and Theophrastus 
(372-287 BC) discussed the healing power . It was reported that (a) the 
infusion of chicory was good for the liver, kidneys and stomach (Beitter, 1970 
and Springer, 1940). (b) that it was medicine for the liver (Hegi, 1906-1931 
and Springer, 1940), (c) that it strengthens the eyes (Hegi, 1906-1931 and 
Springer, 1940). In 1722, the preparation of chicory beverages was 
mentioned in a war diary (Hegi, 1906-1931). In 1961, H. Sparschuch in 
Uppsala in Sweden proposed chicory as a coffee substitute (Trillich, 1934). In 
1763, in France and in Prussia, large plantation of chicory had been 
established (Beitter^<,1970; Hegi, 1906-1931 and Trillich, 1934). The first 
factory for roasting of chicory was established in about 1760 at Holzminden. 
Another factory was established in 1769 in collaboration with Foerster in 
Brunswick (Springer, 1940; and Kahrs and Leifr, 1952). Charles Francois 
Giraud in 1979 was the founder of the French chicory industry. The first 
chicory factory in Bohemia was established between 1804 and 1806 (Trillich, 
1934). In 1845, Great Britain imported 2250 t of roasted chicory (Hegi, 1906-
31) and during same year France processed 60001 of dry roots (Bibra, 1855). 
In United states it was cultivated in Michigan until the second World War 
(Sivetzand Desrosier, 1979). 
In 1982, Europe produced more than 125000t roasted chicory. In 
Germany, which harvested 200000t fresh roots, the per capita consumption 
was 1.65 kg/year (Hegi 1906-1931). The consumption of roasted chicory in 
the US and Europe amounted to respectively about 6750 t and 40,500t in the 
1960 's while in 1970 it amounted to respectively 4500t and 45000t. Since the 
maximum over all roaster weight loss was 25% including loss of dust and 
broken pieces, this would be about 9000t and 54000t of dried roots in the 
1960's and 6000t and 60000t in the 1970's respectively. 
2.2 Species and varieties 
Chicory is a herbaceous, perennial plant from the order Asterales (in 
the division of flowering plants Monoliophyta), which consists of one family, 
the Compositae, and is in the sub-family Cichoracera. In this sub family, 
chicory belongs to the genus Cichorium, of which two species are namely 
Cichohum endive L, or endive chicory and Cichorium intybus L, or wild 
chicory. 
The species Cichorium endive L. has two known varieties viz. curly 
endive and escarole. The species Cichorium intybus L. grows wild on the 
road sides. Its leaves have a bitter flavour and have been consumed in salads 
and used for medicinal purposes. In this species, there are three main 
varieties with different characteristics. Among these the Cichorium intybus L., 
var. foliosum Hegi (or Witloof chicory) is an endive with thick leaves that are 
consumed in salads. Cichorium intybus L. var. sativum DC is an improved 
wild chicory (or capuchin beard), the leaves of which are also consumed. The 
roots of Cichorium intybus L. var. sativum (its cultivars) are used for 
producing roasted chicory. This variety is called industrial chicory. 
2.3 Physico chemical composition 
Table 2.1: Physico-chemical composition of chicory in various 
processed forms 
Component 
Moisture, % 
Carbohydrates, % 
Crude fibre, & 
Nitrogenous matter"^ , % 
Ash, % 
Lipid, % 
^ Data as percentage ran( 
Raw Chicory^ 
71.6-78.8 
17.9-22.8 
1.0-1.1 
1.0-1.1 
0.5-0.9 
0.1-0.2 
ge, g per lOOg wet weig 
Dried Root^ 
7.5-17.0 
61.0-78.5 
1.1—5.2 
4.5-6.6 
1.1-4.4 
0.3-1.7 
ht, i.e. % w/w; 
Roasted^ 
4.7-13.3 
55.7-68.3 
5.5-22.0 
4.4-8.6 
2,7-8.5 
1.0-4.8 
"^Calculated as protein 
Soii/xx' : C'kirke amiMacrea. 198~ 
2.3.1 Moisture content 
Fresh chicory roots contain a considerable quantity of water, ranging 
from 78% to 80%. 
2.3.2 Carbohydrates 
The roots contain the polysaccharide 'inulin' which is poly fructan, has 
the main reserve carbohydrates with small amounts of glucose (6% in chicory 
inulin). Its structure is illustrated below in Figure 2.1 
CHjOH CHJOH CHJOH . CH;0H CHJOH 
\ "^ k "^„ «^„ "^^ ;o
0-
Flgure 2.1 : Partial structure of inulin 
Inulin is only slightly soluble in water, but more so in warmer water i.e. 
0.8% at 20°C and 3% at 39°C. Inulin is readily hydrolysed under mild 
conditions into its components, the monosaccharides. In addition to inulin, 
chicory roots contain appreciable amounts of sucrose and small amounts of 
free fructose and glucose. All these sugars can take part in respiration 
process of most chicory. The inulin content is reported in the literature at an 
average of 67.2% db, with 11.6% sucrose but apparently no free fructose or 
glucose. Linder (1955) reported it to be 65.75% (db), while Nakhmedov 
(1984) reported it at 55.0-65.3% (db) and Konig at (1918), 56.4-65.2%d.b. 
The fresh chicory roots on dry basis contain 50.5% inulin, 2.21% fructose, 
0.57% glucose and 5.7% sucrose. 
Inulin present in chicory find wide application in foods like 
confectionery fruits preparations, milk deserts, yogurt, fresh cheese, baked 
goods, chocolates, ice creams and sauces. Inulin alters the physiological, 
biological and bio-chemical processes of the body for better health and 
present risks of many diseases. Inulin is reported to stimulate the immune 
system of the body, decrease pathogenic bacteria in intestine, relive 
constipation, reduce risk of athero sclerosis and modulate hormonal level and 
hence blood glucose level especially in diabetics. It also lowers blood urea 
and uric acid levels, decrease the risk of osteoporosis by increasing 
absorption of minerals, especially calcium. It is also reported to decrease the 
incidence of colon cancer. 
Inulin is labile, especially to heat, and is partly hydrolysed to lower 
polymers and constituents monosaccharides in the latter stages of growth 
and often in storage, so that some variability in composition on this account 
can be experienced. 
In addition to inulin, chicory roots contain appreciable amounts of free 
sucrose 6% db, but also small variable amounts of free fructose and glucose. 
All these sugars can take part in any respiration process of moist chicory. 
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The total reducing sugar content after mild hydrolysis is reported to 
range between 17.8% and 20.5% on wet basis and the ratio of total fructose 
to glucose to be in the range 3.69 to 5.17 (Chaubey and Dorrell, 1977). 
During drying at elevated temperatures a partial hydrolysis of the inulin 
takes place due to the thermobile character of inulin which results steady 
increase in the total reducing sugar content. Linder et. a!., (1958) estimated 
the inulin content in fresh roots as 65-75%d.b. and 3.0% reducing sugars. 
For dried chicory roots the corresponding values were 47-51 %d.b. and 
5.5%d.b., respectively. The contents of inulin and reducing sugars affect the 
reflectance colour of the dried products. According to trade standards the 
colour of dried chicory roots should be light cream to light brown (Singh and 
Bhatia, 1970). Bright colours indicate mild drying conditions together with a 
good quality of the raw fresh roots. 
A popular trend in industry is to obtain dried chicory roots with high 
inulin content and possibly low reducing sugar content which will diminish the 
tendency of non-enzymic browning during any prolonged storage of dried 
roots. 
Inulin is processed by the food industry to produce either short chain 
fructans, namely oligofructose (DP, 2-10; average 5) as a result of partial 
enzymatic (endoinulinase EC 3.2.1.7) hydrolysis, or long chain fructans by 
applying industrial physical separation techniques (De Leenheer, 1996). 
The average daily consumption of inulin and oligofructose has been 
estimated to be 1-4g in the United States and 3-11g in Europe (Van Loo et 
al., 1995). However, no such study has been made in India. 
2.3.2.1 Applications of inulin 
(a) Inulin and oligofructose are prebiotics 
A prebiotic is a non digestible food ingredients that beneficially affects 
the host by selectively stimulating the growth and/or activity of one or a limited 
number of bacteria in the colon, that can improve the host's health (Gibson 
and Roberfroid, 1995). In addition, a prebiotic may repress the growth of 
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pathogens for overall beneficial health (Roberfroid, 2001). Inulin and 
oligofructose can not be digested except through bacterial activity. They can 
alter the composition of human gut flora by a specific fermentation which 
results in a community predominated by bifidobacteria (Hidaka et ai, 1986; 
Wang and Gibson, 1993). 
(b) Inulin are bifidogenic 
Predominance of bifidobacteria in the large intestine is essential for the 
prevention of many diseases and for maintaining good health. One main 
strategy is the prebiotic approach-the use of selective carbohydrate 
substrates in the diet for the growth of indigenous bifidobacteria. To be 
effective these carbohydrates must reach the colon undigested and 
unabsorbed in the upper gastrointestinal tract and be selectively utilized by 
the bacteria present there. Inulin and oligofructose are examples of such 
carbohydrates. In addition, indigestion of oligofructose significantly reduces 
the count of bacteroids, fusobacteria and Clostridia. Inulin and oligofructose 
also help in the absorption of certain ions and the synthesis of B-vitamins 
(Gibson and Roberfrod, 1995). 
(c) Effect of inulin on constipation 
Constipation is an ailment encountered in elderly people. Many factors 
contribute to the development of constipation with aging, such as changes in 
diet, and fluid intake, decline in the consumption of fibre-containing products, 
intake of drugs or laxatives, decrease in intestinal motility, and physical 
inactivity. Several studies in humans suggested that fermentation of 
carbohydrates stimulates colonic motility (Roberfoid, 1993). Hidaka et ai, 
(1991) observed that the administration of oligofructose relieved constipation. 
(d) Effect of inulin and oligofructose on mineral absorption 
A remarkable increase in the body absorption of calcium, a nutrient 
that helps to build and maintain structure of teeth and bones has been shown 
by ingredients extracted from chicory roots. Chicory inulin, which acts as a 
soluble fibre, increases the intake of calcium in the bone tissue, which results 
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in improved bone mineral density thus slnowing that it has the potential to 
prevent osteoporosis. 
Increased calcium absorption could be due to its increased availability 
by transfer of calcium from the small intestine into the large bowel and the 
osmotic effect of inulin and oligofructose that transfers water into the large 
intestine, thus allowing it to become more soluble (Carabin and Flamm, 1999) 
Coudray et al (1997) noted that inulin improved the absorption of 
calcium but not of magnesium, iron and zinc in humans. Van den Heuvel et al 
(1999) also reported an increased absorption of calcium in adolescents on 
oligofructose ingestion. 
(e) Effect of inulin and oligofructose on glycemia/insulinemia 
The effect of inulin and oligofructose on glycemia and insulinemia are 
not dependent on physiocological or disease (diabetic) conditions. When 10g 
of artichoke inulin was added to 50g of wheat-starch meal in healthy human 
subjects, the blood glycemic response was lower, despite no apparent 
interference by inulin on starch absorption (Rumessen et al 1990). The 
reduced hepatic gluconeogenesis induced by inulin and oligofructose intake 
could be mediated by the short chain carboxylic acids, especially propionate. 
Propionate also inhibited gluconeogenesis in isolated hepatocytes, probably 
via its metabolic conversion into methylmalonyi-coenzyme A (CoA) and 
succinyl-CoA, both of which are specific inhibitors of pyruvates carboxylase 
(Baird et al., 1980). Propionate may also influence hepatic glucose 
metabolism indirectly by lowering plasma fatty acid concentration, a factor 
known to be closely related to gluconeogenesis (Lee et al., 1996). 
(f) Effect on uremia and nitrogen/urea disposal 
Inulin and oligofructose serve as an energy source for intestinal 
bacteria, which during growth, also require a source of nitrogen for protein 
synthesis. However, it seems unlikely that inulin-type fructans exert any 
noticeable effect on protein digestibility in the small intestine (Levrat et al., 
1993). When the fermented carbohydrate intake is high, the amount of 
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ammonia required to sustain maximal bacterial growtli may become 
insufficient, and blood urea is then required as a ready source for bacterial 
protein synthesis in the cecum (Tetens et al., 1996; Younes et ai, 1995). 
Besides propionate, an important end product of bacterial fermentation of 
inulin type fructans, also inhibits ureagenesis in the liver in the presence of 
ammonia and amino acids. Chicory root extract has also been reported to 
inhibits xanthine oxidase, an enzyme involved in the synthesis of uric acid 
from purines, and thus can be useful in relief from gout. 
(g) Application of inulin and oligofructose in the food industry 
Different functional attributes of inulin and oligofructose are due to the 
difference in their chain length. Due to its longer chain length inulin is less 
soluble than oligofructose and has the ability to form inulin microcrystals when 
sheered in water or milk. These crystals are not discretely perceptible in the 
mouth, but they interact to form a smooth creamy texture and provide a fat 
like mouth feel. Inulin has therefore been used successfully to replace fat in 
table spreads, baked goods, filling, dairy products, frozen desserts and 
dressing. Furthermore, fructans are non cariogenic as they are not used by 
Streptococcus mutans to form acid and glucans which are responsible for 
dental caries. 
Oligofructose is composed of shorter chai oligomers and possesses 
functional qualities similar to sugar or glucose syrups. It is actually more 
souluble than sucrose and provides about 30 to 50% of the sweetness of 
table sugar. 
2.3.2 Fibre (cellulose) 
Various analyses quoted the content of 'cellulose', which is in fact a 
carbohydrate, polysaccharides, (3-glucan. Cellulose is fully hydrolysable by 
strong mineral acid (e.g. 72% aq. sulphuric acid), leaving a lignin residue. It 
constitutes the cell walls of chicory, unlike inulin, which is a strong reserve 
carbohydrates. Clarke and Macrea (1987), quoted 'cellulose, figures for raw 
chicory roots to be of the order of 5% (db) 
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2.3.3 Protein 
The contents of nitrogen compounds i.e. protein and free amino 
acids, is not very high (6-7%d.b.) in chicory. The amounts of free amino acids 
reported differ widely from 17-39% of the total nitrogen content to low values 
as low as 2%. Amino nitrogen content, separately amounting in dry roots to 
0.48%db, decreased after every 15 min of roasting (c. 120 °C) to 0.285% db; 
after 20 min (c. 135 °C) to 0.2%, i.e. almost 2.5 fold. The level of amino 
nitrogen during 30-45 min of roasting (145-155°C) remained at 0.12-0.13%db. 
In the final period of roasting (55-75 minutes) a minimum amount of nitrogen 
was detected at a level of 0.08%. {Pa^dah. d && .^ , 1981). On the other 
hand, the decrease in total nitrogen content was small and amounted to about 
5% of that of the initial content in dried roots (1.24%db). 
2.3.4 Lipids 
These are present in chicory roots in small amounts (0.1%-0.2%d.b.). 
Kim eta\.., (1978) estimated the crude fat content as 1.6% in dried chicory 
roots (moisture content about 12%w/w). They found that the unsaturated fatty 
acid content in total fat was 65.4% and was partially rich in linoleic acid. 
Sannai eta\., (1982) analysed the essential oil of air-dried chicory roots. Fatty 
acids constitutes over 97% of volatile constitutes. Among them palmitic acid 
(60.2) and linoleic acid (31.5%) were found to be major components. 
2.3.5 Mineral substances 
These are present in chicory roots at levels of 4-6%(db) as oxide ash. 
The most important mineral components are potassium, sodium, calcium and 
magnesium (Nakhemedov, 1984 and Kim eta\., 1978). 
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2.3.6 Organic acids 
The content of the acids in chicory roots amounts to about 3% in dried 
material. Schormiiller et al. (1961) reported that the most important organic 
acids in fresh or dried chicory roots are: tataric acid (32.3% as a percentage 
of all acids), citric acid (31%), acetic acid 12.3%), malic acid (9.5%) and 
succinic acid (6.0%). Furthermore, they found the presences of lactic, a-
ketoglutaric, capric, formic, pyruvic, caprylic, formic, pyruvic, caprylic, 
prpionic, n-valeric, n-butyric, caproic, oenanthic, malonic and fumaric acids. 
Nakhmedov (1984) found malic acid (1.54-1.95% in fresh roots) to be the 
domiant organic acid in chicory roots followed by citric acid (0.79%) and 
tartaric acid(0.5-0.6%). 
2.3.7 Bitter and other substances 
Milk sap (latex) of the roots and heads of chicory {Cichorium intybus L. 
as well as members of the Compositae generally (e.g. Lactuca serriola L. 
lettuce) contains lactucin and lactucopicrin, both of which are sesquiterpene 
lactonnes responsible for the bitteness of their plants (Maier, 1981; Ciupka, 
1958 and Nahmedov, 1984). Pyrek (1977) identified in lettuce a new, third 
lactone, 8-deoxylactucin, which was confirmed by Leclereq (1984). Pyrek 
(1977) also established the site of etherification in lactucopicrin of lactucin 
with p-hydroxy phenylacetic acid. The occurrence of 8-deoxy lactucin in 
chicory has been confirmed independently by Pyrek (1985). 
2.3.8 Aroma and flavour 
The chicory root contains a large number of steam-distillable aromatic 
compounds. Acetophenone provides the characteristics compounds. 
Acetophenone provides the characteristics chicory aroma. Upon roasting, 
inulin is converted to oxymethylfurfural, a compound with a coffee-like smell 
(Ruhl L, et al., 1985). Fructan:fructan 6G-fructossyltransferase (6G-FFT) was 
found to be an important enzyme in the formation of inulin. According to 1 
report, introduction of 6G-FFT from 1 plant into chicory resulted in inulin 
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synthesis (Vijn I . et al., 1997). Chicory is the source of the taste-modifier, 
which is known to intensify the flavour of sugar. 
2.3.9 Chlorogenic Acid/Caffeine 
The Chlorogenic acid content for green robusta coffees is 9.04% and 
for arabicas 6.57% (db). The major component acid is 5-caffeoylquinic acid 
with smaller levels of the 4- and 3-isomers and also lower levels of the 
dicaffeoylquinic acids (Clifford, 1985). During roasting all the isomers are 
degraded, albeite at somewhat different rates (Trugo and Macrae, 1984). 
Some 50-80% of the total Chlorogenic acid may be degraded under 
reasonable commercial conditions, whereas, under extremely severe 
roasting, losses will approach 100%. The remaining Chlorogenic acids are 
stable during aqueous extraction and will therefore appear in proportionate 
amounts in instant coffee, wirth the actual content depending on extraction 
yield. Despite their partial degradation during roasting, the high water 
solubility of the Chlorogenic acids, in relation to some of the high molecular 
mass components, means that the levels in instant coffee powders may be 
quite high which is ranging from 3.6 to 10.7% (db). Coffee in the form of 
roasted and ground beans or as instant powder, will therefore contain 
significant amounts of Chlorogenic acid, but the levels in any particular 
sample will depend heavily on the processing conditions. Chicory has been 
reported to contain about 3.5% total chlorogenic acids (Vilar and Ferreira, 
1971). However some other authors have reported only the presence of 
dicaffeoyltartaric acid at much lower levels e.g. 0.13% (db) (Clarke and 
Macrae, 1987). 
The caffeine content of green coffee also varies with species, being 
around 1.2 % (db) for arabicas and 2.2% (db) for robustas (Macrae, 1985). 
Caffeine is thermally stable so that these values remain essentially 
unchanged during roasting, allowing for losses of other components. It is 
water soluble and so is readily extracted during instant coffee manufacture, 
leading to powders with contents of 2.8%-4.8% (db) (Dick, 1983). Chicory 
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and hence extract of roasted chicory, contain essentially no caffeine (Clarke 
and Macrae, 1987). 
The caffeine content of beverages containing chicory was determined 
using high pressure liquid chromatography (HPLC). A coffee/chicory mixture 
substitute contains 3.18 mg/fl oz of caffeine, whereas instant coffee contains 
12.61 mg/fl oz of caffeine (Galasko G et al., 1989). 
3.2.9.1 Negative effects of Caffeine 
Caffeine is an ubiquitous drug. Used originally in most cultures for 
ceremony or some daily stimulation, it has become a regular, overused 
energy stimulant in the world. Coffee, brewed from the ground-up coffee bean 
(Coffea arabica), is the major vehicle for caffeine consumption. This food/drug 
mixture, often along with sugar and/or milk, is one of the most freely marketed 
substances in the world. 
Caffeine addiction often occurs along with other substance abuses, 
nicotine and sugar most commonly. Caffeine, like sugar, overstimulates the 
adrenals and then weakens them with persistent or chronic use. First, sugar 
stimulates and weakens the adrenals, which creates fatigue. Then we use 
caffeine to keep us aware and awake, further depleting our adrenals, to which 
many respond by drinking more caffeine with sugar. In addition, people who 
overuse caffeine tend to need more tranquilizers and sleeping pills to help 
them relax or sleep. 
Physiologically, caffeine is a central nervous system (CNS) stimulant. 
A dosage of 50-100 mg., the amount in one cup of coffee, will produce an 
apparent temporary increase in mental clarity and energy level while reducing 
drowsiness. For many users, it specifically improves muscular-coordinated 
work activity, such as typing. Through its CNS stimulation, caffeine increases 
brain activity, but it also stimulates the cardiovascular system, raising blood 
pressure and heart rate. It generally speeds up our body, increasing the basal 
metabolic rate (BMR), which can help burn more calories. Initially, caffeine 
18 
may lower blood sugar, leading to increased hunger or craving for sweets. 
After the adrenal stinnulation, the blood sugar rises again. Caffeine also 
increases the respiratory rate, and for people with tight airways, it opens the 
breathing passages, as do the other xanthine drugs. 
A nutritional concern of most caffeine products is that they do not 
contain any of the nutrients (coffee and tea have a little manganese and 
copper) needed to support the increased activity that they cause. Also, the 
diuretic effect of caffeine leads to the urinary loss of many nutrients (Elson M. 
Mass, Nutritional Programmes.htm). 
Possible negative effects from caffeine use and abuse include the 
following: 
• Common side effects of caffeine use include excess nervousness, 
irritability, insomnia, "restless legs," dizziness, and subsequent fatigue. 
Headaches can also be very common, as is "heartburn." Psychological 
symptoms of general anxiety or panic attacks may also occur. 
Hyperactivity and bed wetting may also develop in children who consume 
caffeine. 
• An acid irritant to the gastrointestinal tract and liver, caffeine directly 
increases stomach hydrochloric acid production, so it is clearly bad for 
people with are prone to ulcers or gastritis. Regular coffee drinking thus 
also increases the likelihood of peptic ulcer disease. 
• Caffeine's diuretic effect causes loss of potassium, magnesium, zinc and 
other minerals, and B vitamins, especially thiamine B1. Caffeine also 
washes out vitamin C. 
• Caffeine, and particularly coffee, reduces absorption of iron and calcium, 
especially when it is drunk around mealtime. These minerals are 
extremely important for women. Osteoporosis and anemia are thus more 
common with regular coffee use. Also in children and adolescents, 
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caffeinated drinks interfere with these essential minerals needed for 
growth and health. 
• Diarrhea can also occur with increased amounts of caffeine, which relaxes 
the smooth muscle in the colon. The laxative effect of caffeine can also 
create a dependency. 
• A number of negative cardiovascular effects are caused by caffeine. First, 
it raises the blood pressure. Hypertension is a risk factor in atherosclerosis 
and heart disease. Caffeine increases cholesterol and triglyceride blood 
levels, also risk factors in cardiovascular disease. Caffeine also increases 
norepinephrine secretion, which causes some vasoconstriction—that is, 
restricted blood flow. Although caffeine may have a mild direct 
vasodilating effect in the heart and body (vasoconstricting in the brain), the 
adrenal stimulation may override this. Research reports regarding 
caffeine's role in increasing the risk of heart attacks are mixed; however, it 
seems reasonable with the cardiovascular stimulation of caffeine to 
assume that drinking four to five cups of coffee per day does increase the 
incidence of myocardial infarctions. Overall, caffeine clearly increases risk 
of cardiovascular disease. 
• Fibrocystic breast disease (FBD) may also be a consequence of caffeine 
use. Although results of various studies seem to be contradictory as to 
whether caffeine is a cause of FBD, it is clear that some women are more 
sensitive to caffeine use and that they experience an increase in size and 
number of cysts with increased use and a reduction of the disease when 
they stop using caffeine. 
• Birth defects have been noted with higher levels of caffeine use during 
pregnancy. Spontaneous abortions are also more frequent with coffee 
drinking early in pregnancy. It is clear that caffeine crosses the placenta 
and affects the fetus, but whether it is the caffeine itself or other chemicals 
in coffee which have a mutagenic effect is not clear. It is wise to limit or 
completely avoid the use of caffeine during pregnancy. Caffeine also gets 
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• The incidence of certain cancers is increased with caffeine use. 
Bladder cancer may result, probably also from a nicotine and caffeine 
combination along with the mild dehydration that occurs from the result 
of using these two drugs. Ovarian cancer is increased in women with 
an association of long-term coffee intake. Prostate enlargement and 
cancer may also be attributed to increased caffeine intake. 
• Caffeine may also be correlated with kidney stones, possibly as a 
result of the diuretic and chemical effects. The fluoride mineral that is 
found in coffee and tea can also cause problems when consumed in 
excess. In addition, caffeine use may increase fevers, both by a mild 
direct effect and by counteracting the effect of aspirin. 
• The adrenal exhaustion/stress/fatigue/hypoglycemia syndrome is tied 
to caffeine use as well. Caffeine has an overall effect of increasing 
blood sugar (especially when it is sweetened), as it stimulates the 
adrenals. Both stress and sugar use tend to pressure and weaken the 
adrenal function. Recovery from the resulting fatigue requires rest, 
stress reduction, and sugar avoidance, but caffeine can override this 
fatigue and restimulate the adrenals. This process can eventually lead 
to chronic fatigue, adrenal exhaustion, and subsequent inability to 
handle stress and sugar intake. 
Anyone with regular caffeine intake should truly consider withdrawing 
from their habit until they can reach a state of occasional use and enjoyment. 
For caffeine detoxification, it is important to support ourselves nutritionally 
while we eliminate or reduce our intake. 
The pleasures of coffee or tea drinking are related to our culture, taste 
preferences, and conditioning in terms of both social graces and work/life 
demands. All of these are developed, not inherent, and anything we learn, we 
can also unlearn or relearn. This is often what it takes to change our regular 
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drinking of caffeinated beverages to more healthful practices regarding liquid 
refreshments and energy generation. 
As we move away from coffee and caffeine beverages, there are a 
number of herbal substitutes that can be both stimulating and refreshing. The 
roasted herbal roots, including barley, chicory, and dandelion, are most 
common. 
A noble approach to try to overcome this problem is to eliminate the 
use of caffeine from coffee and start the use of inulin from herbal chicory crop 
that can be both stimulating and refreshing. Overall, addiction to caffeine is 
not as bad as addiction to most other drugs, but it is a problem for many. 
2.4 Harvest and Post Harvest management of Chicory 
2.4.1 Harvesting 
Harvesting of chicory roots, takes place in the northern India in the 
middle of March and lasts in July. The crop requires 200-210 days to mature 
It is harvested when some blue flowers appears on the plants. Irrigation is 
applied a day before uprooting of the roots from the soil. The lifting is often 
carried out manually. After uplifting, it is essential that the roots be well 
topped to make it free from leaves and with 2-3 mm of the actual roots cut off. 
2.4.2 Cleaning and handling 
In advanced countries, the roots are cleaned/washed by spray water, 
using a continuous stone catcher, a straw catcher and a discontinuous stone 
catcher. They flow directly through a channel into the washing drum and are 
lifted on to a sieve, were excess water is drained off, and slide into a buffer 
silo. (Clarke and Macrae, 1997). In India roots are washed manually in a 
water tank and lifted manually for cutting or dicing. 
2.4.3 Cutting/dicing 
This operation is carried out to obtain proper drying of the product 
which has to be roasted aftenA/ards. The chicory roots are cut into dices of 
dimension 10 mm x 10 mm and cube dimension 10mm x 10mm x 10mm 
(Clarke and Macrae, 1997). 
2.4.4 Drying/Dehydration 
Drying is one of the longest established methods of food preservation. It is 
defined as the process of moisture removal due to simultaneous heat and mass 
transfer. The main purpose of drying of chicory is to ensure keeping quality of chicory 
before industrial roasting and minimize packaging requirements, which in turn reduces 
transportation cost. The quality of the product and it's cost are greatly influenced by 
the drying operation. The quality of the product and it's cost are greatly influenced by 
the drying operation. The quality of dried product is judged by the amount of physical 
and biochemical degradation occurring during dehydration process. The drying 
temperature, time and moisture content influence the final quality of product. Low 
temperatures generally have a positive influence on the quality but require longer 
processing times. Low water activity retards or eliminates the growth of microorganism 
and increases storage stability of food products but results in higher oxidation rates 
(Okosefa/., 1992). 
Sun drying as practiced in India is a slow process and unsuitable for producing 
high quality products. Generally, it does not allow the products to dry below 15-20% 
moisture level. The resulting product will have limited shelf life (Somogyl and Luh, 
1975). In recent years, sun drying is being replaced by mechanical drying. There are 
several mechanical methods used for dehydration of food products e.g. tray/cabinet 
drying, tunnel drying, freeze-drying, foam mat drying microwave drying etc. (Cruess, 
1958; Derosier, 1970; Van Arsdel, etal., 1993; Salunkle, et al., 1996). Various types of 
improved drier are used for the drying of chicory roots: simple drying stoves or drying 
cabinets, drum driers and belt driers. The type of drier determines the temperature 
range used: for drying cabinets 65-75°C, for drum driers 70-80 °C (Singh and Bhatia, 
1970) and for belt dryers 50-70°C (Nakhmedov, 1984). 
2.4.4 Roasting 
After drying, the chicory cubes/slices are roasted. The saps of the roots should 
be caramelized but not burnt. It is necessary to avoid decomposition of the natural fats 
in the roots. (Clarke and Macrae, 1997). If the raw materials are very uneven as 
regards particle size or contain foreign materials, they are graded by using a cleaner 
before roasting. Roasting of raw chicory slices take 1-1.5 hrs with an overall roasting 
loss of (20-25%). Roasting process gives rise to exothermic reaction in chicory. 
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2.5 Physico-chemical Changes during Storage 
Fresh chicory roots are sensitive to spoilage during storage at too high 
a temperature, or at too a low temperature (below 0°C). They should therefore 
be processed as quickly as possible. For a short period, chicory roots can be 
stored in the open air (2-3 days), otherwise they should be dried. 
Losses (changes in weight) occurring during longer storage of chicory 
roots are the results of 
(1) 'natural' loss, including loss of inherent water by evaporation, and loss 
of carbohydrates as the effect of respiration. 
(2) Loss due to decay by microorganisms. 
Labanova and Sinel'shchikva (1982) studied changes in respiration 
intensity in relation to period of storage and environmental 
temperature/moisture conditions during storage of chicory roots. They 
established absolute criteria concerning liberation of heat and water and 
losses of dry substances due to respiration. Ivanva and Pokrovskava (1983) 
compared the effect of storage of chicory roots in clamps and in a frozen 
state over a period of 5 months. For chicory roots kept in clamps the 'natural' 
loss (evaporation and respiration) was about 7%. Investigating the respiration 
process during storage in clamps, at a temperature of 0-2°C over a period of 
five months, they found that 'healthy' roots lost about 3% of the dry substance 
(carbohydrates). Losses caused by decay exceeded the 'natural'; loss and 
depended upon the quality of the clamps. Chicory roots stored in frozen state 
did not decay, and no 'natural' loss due to respiration was found. The yield of 
dried chicory roots from frozen roots was about 5% higher than the yield from 
fresh roots. They also stated that the value of all losses of raw material 
during long storage in clamps would exceed the cost of organizing storage in 
refrigerators. Rutherford and Weston (1968) also found that storing chicory at 
a higher or ambient temperature, ranging between 15 to 20°C, reduced the 
rate at which insoluble carbohydrates (inulin) was depolymerised. 
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2.6 Changes of composition during drying 
Fresh chicory roots after harvesting (uprooting) should be dried as 
quickly as possible to 12-14% w/w water content to preserve them for the 
long period of storage until the next season. In India the drying season of 
chicory roots begins in about the middle of March and lasts, in normal 
weather, until June. Harvested chicory cubes/slices are delivered to the 
drying yard continuously during season. The drying process of chicory roots 
comprises the following stages: a short period of storage of the roots, water 
conveyance, and washing, cutting and then drying. Washed and cleaned 
chicory roots are cut either into slices or dices. It should be remembered that 
chicory roots that are too highly comminuted (especially thin slices) will lose 
too much chicory milk sap. Changes during the drying process of chicory 
roots have not yet been fully investigated, and it is only possible to compare 
results from the composition of fresh and dried roots given by various authors. 
(In Coffee, Clarke Vol. II, 1987). Because of thermolabile character of inulin, it 
may be assumed that during drying at elevated temperature a partial 
hydrolysis of the inulin, as well as a steady increase in the total reducing 
sugar content, will occur. Linder (1955) gave the inulin content in fresh roots 
as in the range 65-75% db (3.0% reducing sugars); for dried chicory roots the 
corresponding values were 47-51% db and about 5.5%db, respectively. Maier 
(1981) also gave the similar values for inulin content of dried chicory roots 
(45-51%). The content of inulin and reducing sugars in dried chicory may to 
some extent testify to the temperature range applied in the drying process, 
which will also affect the reflectance colour of the dried product. According to 
trade standards, the colour of dried chicory roots should be light cream or 
light brown. Bright colour indicates mild drying conditions together with a good 
quality of the raw fresh roots. 
A popular trend to obtain dried chicory roots with a high inulin content 
and possibly low reducing sugars content (mainly free monosaccharides) is 
still controversial. Therefore technologies need to be developed for dried 
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roots with their carbohydrates composition changed as little as possible due 
to storage and drying. A low reducing sugar content will diminish the tendency 
for non-enzymatic browning during any prolonged storage of dried roots. Non-
enzymic browning is also stimulated by a higher water content in dried roots. 
2.7 Changes during roasting 
Roasting of dried pieces of chicory roots is a basic operation In chicory 
processing that causes the formation of specific colour, flavour and aroma 
substances distinctive for this product as a beverages. Proper roasting of 
chicory results in a high quality of the roasted product, as well as in 
determining the quality of chicory extracts or brews obtained subsequently. 
Linder (1958) reported changes occurring during chicory roasting in some 
compounds e.g. lowering of inulin content and an increase in reducing sugar 
content as well as the development of 'caramel compounds', and furfural and 
hydroxymethylfurfural. Beitter and Schroder (1970), as well as Beitter and 
Ullmann's Encyclopaedia advised maximum (final) temperatures of chicory 
roasting in the range, 180-200°C. 
The basic constituents of chicory, i.e. the carbohydrates inuin, sucrose 
and monosaccharides, are during the roasting process subjected to various 
partial changes such as hydrolysis/depolymerisation (inulin), destruction and 
caramelisation (monosaccharides and sucrose), and interactions and 
condensations with other constituents, such as the nitrogenous substances 
(protein, amino acids) or lipids degradation products, to give both volatile and 
non-volatile compounds specific to roasted chicory. Nedelkovits (1961) 
stated that during the roasting of chicory roots at various temperatures, an 
increase in percentage extract (soluble substances extractable with boiling 
water) could be observed. Extract content reached a maximum at 155-160°C. 
With 'overheating', at temperature above 160°C, he observed a decrease in 
extract content. Hrdlicka and Janicek (1966) who investigated a relatively 
slow chicory roasting process up to 200°C, also found an increase in extract 
content, attaining a maximum of 86% db at 160°C. They observed a marked 
26 
drop in extract content above a roasting temperature of 190°C as showed in 
Table 2.2 
Table 2.2: Effect of temperature and roasting time of chicory on the 
amount, acidity and ash content of the extract 
Roasting 
temperature 
(°C) 
0 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
Time of 
roasting 
(min) 
-
40 
50 
60 
70 
80 
90 
100 
110 
120 
122 
125 
Dry matter^ 
(%) 
91.40 
92.10 
92.41 
92.45 
93.39 
97.47 
97.57 
97.89 
98.10 
98.25 
98.42 
98.50 
Extract 
Content" 
(%) 
74.62 
76.01 
77.39 
82.45 
83.25 
84.17 
85.49 
86.01 
85.71 
84.42 
83.39 
63.37 
pH 
Value'^  
5.2 
5.2 
5.1 
4.9 
4.8 
4.6 
4.5 
4.4 
4.2 
3.85 
3.80 
3.80 
Ash in 
extract (%) 
2.22 
2.24 
2.27 
2.40 
2.34 
2.53 
2.56 
2.58 
2.76 
2.97 
3.11 
3.21 
^Dry total solids in the roasted chicory 
'^ Dry soluble solids expressed as a percentage of the roasted chicory weight 
'^Determined according to Czechoslovak National Standard Methods 
Source: Coffee Vol. V: Related Beverages (1987) 
Portillo et al,,(1965) investigated the chicory roasting process at 
various temperatures, and indicated a temperature range of 160-180°C and a 
roasting time of 90 min as 'optimum'. A final temperature of 170°C and a 
roasting time of 105-120 min were recommended on a commercial scale. 
Cieslak QJ: OM .^ 1981 conducted investigations on the effect of 
roasting time, applying two variants of time-temperature regime with a 
maximum roasting temperature of 155°C as described below: 
(1) short-term roasting process (c. 50 min): Loading chicory slices in to the 
roaster pre-heated to 100°C; a temperature of 120°C was achieved 
after 15 min and 155 °C after 35 min. 
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(2) long-term roasting process (c.100 min): Loading chicory slices into the 
roaster pre-heated to 80°C; a temperature of 100°C was only achieved 
after 25 min and 150 °C after 50 min. 
2.8 Extraction 
Blanc (1978) investigated the extraction of both the actual free fructose 
present and the total fructose (i.e. after mild hydrolysis) by water at a number 
of different temperatures from 30 to 180 °C. The amount of actual free 
fructose at first increased only very slightly, from 2% at a water extraction 
temperature of 30°C up to about 4% at 100°C, and then increased sharply, 
reaching some 14% at about 180°C. The total fructose, on the other hand, 
steadily increased to a maximum of 35% from 20% at corresponding 
temperatures. The percentage ratio of free to total fructose shows a marked 
increase starting at 100°C (10%) to that at 180°C (40%). The increase in the 
amount of free fructose is due to the hydrolytic effects of the acids in these 
extracts, especially at the higher temperatures, which increase the amount of 
total fructose (Clarke and Macrae, 1987). Timokhina and Gulayev (1974) 
examined the effect of various water extracting temperatures and found an 
increase in reducing sugar (fructose) content in the soluble solids of the 
roasted chicory with increasing temperature. They also stated that there was 
decrease in estimated inulin content. At an extracting temperature of 85-90°C 
medium roasted chicory gave an extract with 27.3% fructose and 39.2% inulin 
i.e. 1:1.4, which does not correspond to figure given by Blanc (1978). 
Cieslak et al., (1981) investigated changes during countercurrent 
extraction in a pilot-plant extraction battery (Nior A/S, Copenhagen), 
consisting of six extractors (each of 8.5 litres capacity, holding 1.6 kg roasted 
chicory), using different maximum water temperature in each trail of 90, 100, 
110 and 140 °C. The extraction yields obtained (% db of soluble solids on 
roasted chicory) were as follows: 90°C, 65% and 100°C, 75%; 110°C, 72.8% 
and 140°C, 69.1%; the concentrations of soluble solids in the extracts were in 
the range 26-27% w/w. After filtration, extracts were immediately spray dried. 
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Table 2.3 shows the effect of the different maximum water 
temperatures used on the total sugars (after hydrolysis, calculated as 
glucose), on the directly reducing sugars content (expressed as fructose), and 
an estimate of the inulin content, all expressed on a dry basis of dry extract. 
Table also shows the pH of the extract. It is evident that the inulin content 
decreases the higher the maximum extracting water temperature, and the 
reserve is so with the 'fructose' content, whereas the total sugar content 
remains more or less constant. 
Table 2.3: Effect of water extraction temperatures on carbohydrate 
content and pH value in roasted chicory^, liquid extracts'' and 
spray dried extract*^  
Sample No 
Liquid extracts 
1. 
2. 
3. 
4. 
Extracts after 
spray-drying 
1. 
2. 
3. 
4. 
Maximum 
water 
temperature 
used in 
extraction 
90°C 
100°C 
110°C 
140°C 
90°C 
100°C 
110°C 
140°C 
pH of 
brew 
4.11 
4.12 
3.92 
3.84 
4.47 
4.52 
4.34 
4.27 
Percentage amounts'' in extracts 
Reducing sugar content 
(fructose equivalent), % 
After 
hydrolysis 
61.63 
60.07 
62.42 
63.00 
63.14 
60.08 
60.96 
56.37 
Before 
hydrolysis 
33.60 
31.69 
41.99 
48.35 
32.42 
32.82 
43.51 
44.82 
Estimated 
Content,% 
25.22 
25.54 
18.38 
13.19 
27.65 
24.33 
15.70 
10.40 
(Source : Cieslak at. AL, 1981) 
^ With an initial carbohydrate composition of 50.1% db total sugars (reducing, 
as fructose) and 12.8%db(directly reducing as fructose) and 33.6% db 
estimated inulin, produced by roasting dried chicory (medium dark) at 3%db 
fructose and 56.7%db inulin. 
'° Prepared in a Niro counter current battery 
'^ Spray-dried in a Niro Production Minor drier. 
'^  Expressed as a percentage of total dry weight soluble solids in extract. 
NB Brew pH values in liquid extracts taken as prepared in dried extracts at 
2.5% w/w concentration of soluble solids. 
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2.9 Some Medical and Physiological Effects of Chicory 
Chicory is one of the mild medicines, the prolong use of which confers 
on the body a very desirable balance, a general well-being. It is a little full 
bodied when consumed alone on an empty stomach, and it is in the evening, 
1 1/2 hours after meal at the time of resting, that its best effects are secured; 
the body in response the profits further from the benefits of the plant. 
Scientific research studies on chicory are numerous. The Congress of 
the White Cross (1980) and the Congress of Paris (1909) defined the product 
in a precise manner from the nutritional point of view. Guillot wrote the first 
monograph in France on chicory (Clarke and Macrae, 1987), a product which, 
in his preface, Professor Perrot described as "healthy, endowed with genuine 
nutritional properties and the ingestion of which, even at a high and prolonged 
dose, would not be harmful to consumer'. Menfredi and Bortoluzzi had 
reported that the addition of chicory tempered the slightly insipid taste of milk 
and made it more digestible in the stomach by forming a finely divided 
coagulum rather than large clots which are more difficult to digest; the mixture 
is digested upto four times more quickly than milk alone (Clarke and Macrae, 
1987). 
A synthesis of various studies on chicory brings out the range of its 
benefits. It stimulates the glands and the function of the body apertures. In 
digestion and elimination of food, it acts upon salivation and swallowing, and 
on absorption and assimilation in the stomach, and stimulates the digestive 
function of the pancreas, the liver and the gall bladder. It is a regulator of the 
gastro-intestinal system without ever being drastic in its effects. It detoxicates, 
and stimulates lactation. It diminishes the rate of glycosuria; diabetic and 
those who should follow a dietary regime without sugar use it without 
inconvenience. 
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2.10 Packaging of Roasted chicory 
The packaging of the granulated is similar to that of other ground 
materials. An auger filler doses a preset charge into suitable cartons or monobags 
made of pre-printed, heat sealable packaging materials supplied in big rolls. (Clarke 
and Macrae, 1997). 
2.11 Fruits and Vegetables Pickles 
Pickling is the method of preserving food in common salt or in vinegar. It is one 
of the most ancient methods of preserving fruits and vegetables. Pickles are good 
appetizers and add to the palatability of a meal. They stimulate the flow of gastric juice 
and thus help in digestion (Sheth and Nandwana, 2004). Mango pickle ranks first in 
Indian market followed by chilli, cauliflower, onion, turnip and lime pickles. These are 
commonly made in homes as well as are commercially manufactured and exported. 
Fruit's pickles are generally preserved in sweetened and spiced vinegar while 
vegetables pickles are preserved in salt. (Srivastava and Kumar, 1993). Pickling of 
perishable foods in vinegar or edible oil with added salt, spices and commodities 
provide a ready-to-eat product stable at ambient temperature (Sen and Karim, 2003). 
Salt pickles contain fresh or brine-cured material preserved with 12 to 15% salt. 
Turmeric, chilli powder and spices are the other ingredients. Oil pickle is salt pickle 
with fresh oil (groundnut, sesame or mustard) as an additional ingredients. The fruit 
and vegetable percentage in the final product shall not be less than 60%. The pickle 
shall be covered with oil so as to form a layer of not less than 0.5 cm above the 
contents or the percentage of oil in pickle shall not be less than 10% (Shah, 2003). 
Vinegar pickle is prepared either from fresh or brine-cured material from which the salt 
has been leached out, and preserved using vinegar or dilute acetic acid , and may or 
may not contain added sugar (Ranganna, 1994). 
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CHAPTER 3 
MATERIALS AND METHODS 
A survey was carried out in Aligarh and Etah districts to study the 
traditional post harvest practices of chicory crop. After identifying critical gaps 
in technology, experiments were carried out to develop improved post harvest 
management practices for important unit operations viz. washing, slicing and 
drying of chicory roots by using available equipment. Roasting was not 
considered in present investigation as the processors use very efficient 
roasters. Chicory pickles were developed and studies were carried out to 
investigate the effect of packaging materials on physico-chemical, 
microbiological, textural and sensory quality attributes of developed chicory 
pickles before storage and during storage at room temperature. Details of 
materials and methods used in these studies are presented below: 
3.1 Materials 
3.1.1 Chicory 
The fresh chicory roots were procured for the present study from Iglash 
block of District Aligarh and District Etah where this crop is presently grown in 
about 3500 ha area. 
3.2 Study of the present practices of post harvest 
management of chicory in Etah and Aligarh region 
An observation table (Table 3.1) was prepared to collect the required 
informations by conducting survey and questioning the farmers and primary 
processors. 
Table 3.1: Informations on post harvest management in Etah and 
Aligarh region 
SI. No. Post Harvest Operations 
Post harvest operations performed in sequence 
Method of handling from farmer's field to processing plant 
Moisture content of root when received at processing plant 
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4. Method of measuring quality of roots received for processing 
5. Duration between harvesting and cleaning 
6. Method of cleaning of roots 
7 Method of material handling of cleaned roots 
8. Methods of slicing and details of equipment used, if any 
9. Size of cubes/slices 
10. Method of drying of cubes /dices 
11. Drying time /period 
12. Moisture content of dried slices 
13. Duration of storage of dried slices 
14. Method of roasting and details of equipment used 
15. Roasting time and temperature 
16. Criterion of quality evaluation of roasted products 
3.3 Performance Evaluation of Improved Equipment 
3.3 (a) Performance evaluation of root washer developed for other crops 
A portable rotary vegetable washing machine, made of stainless steel. 
operated by electhc power (1 h.p.) and developed at Punjab Agricultural 
University (PAU), Ludhiana (Figure 3.1) was used for washing of chicory roots. 
The washing machine was developed for root crops such as carrot, radish, 
ginger etc, and was tested successfully. The drum washer was provided with a 
timer and an electric device to regulate precisely the rotational speed of the 
drum. Proper arrangements of feeding water into machine and draining out dirty 
water and silt were provided. Rotating parts and moving belts were covered with 
guard for operational safety. 
The drum washing machine has 62 cm diameter; 76 cm inner length with 
6,0 mm hole and an electronic device to regulate precisely the rotational speed of 
the drum upto 60 rpm. There is also an arrangement for pressurizing sprays of 
water with a water injection pump through a central, perforated inner shaft. 
The performance of the rotary washing machine was evaluated in 
terms of capacity, rotational speed, bruising percentage and microbial 
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washing efficiency for graded chicory roots of different size and weight. 
Observation tables (Table 3.2 and 3.3) were prepared to collect the required 
information for performance and quality evaluation of root washer. 
Figure 3.1: Portable rotary vegetable root washing machine 
developed by PAU, Ludhiana 
Table 3.2: Parameters for performance evaluation of washer developed 
for root crops 
SI. No 
1. 
2. 
3. 
4. 
5. 
Parameters 
Power requirement, hp or kW 
Specifications of equipment 
Cost of equipment, in Rs 
Capacity, q/h 
Cost of Operation, in Rs/q or Rs /h 
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Table 3.3: Quality evaluation of chicory roots washed in the washing 
machine 
Time Period 
(min) 
1 
2 
3 
Microbial Washing 
Efficiency (%) 
30 rpm 40 rpm 50 rpm 
Bruising (%) 
30 rpm 40 rpm 50 rpm 
Selection of speed was based on the study of PAU, LudhJana and on 
trial runs. The microbial washing efficiency was determined by observing the 
total surface microbial load of the chicory roots before and after washing as 
suggested by Dauthy, (1995). The total surface microbial load was 
enumerated by the standard dilution plate technique as suggested by 
Rangana, (1994) using following formula. 
Microbial washing efficiency (%) = 
Initial surface 
Microbial load 
Final surface 
microbial load 
Initial Surface Microbial Load 
3.3(b): Performance evaluation of slicer developed for 
other crops 
A vegetable slicing machine (Figure 3.2) BS Berry make, made of 
stainless steel contact part, portable, electnc power (1 h.p.) operated 
designed for slicing of vegetables like carrot, radish, turnip was used for 
chicory roots. The machine consists of a disc type blade separated by 10 mm 
distance. Rotating parts and moving belts were covered with guard for 
operational safety. Blades are arranged in vertical and horizontal position and 
rpm of blade was 300. 
The performance of the slicing machine was evaluated in terms of 
capacity and percentage of standard size cubes/ slices, for graded chicory 
roots of different size and weight. An observation table (Table 3.4) was 
prepared to collect the required informations for evaluation of slicing machine. 
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Figure 3.2: Vegetable slicing machine (BS Berry Make) 
Table 3.4: Parameters for performance evaluation of chicory slicing 
machine 
SI. No 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Parameters 
Power requirement, hp or kWH 
Specifications of equipment 
Cost of equipment, Rs 
Capacity, q/hr 
Cost of Operation, In Rs/q or Rs/h 
Percent of standard size cube/slices 
Losses during slicing 
Test procedure for washer was adopted from the test report of PAU, 
Ludhiana and test procedure for slicer was devised by the scholar. 
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3.4: Studies on drying characteristics of chicory slices in sun, 
solar, tray, belt and fluidized bed drying systems 
Experiments were conducted to study the effect of various drying 
technique viz. sun, solar, tray, batch, continuous and fluidized bed drying at 
various levels of dehydration temperature. The effect of dehydration 
technique and temperature on quality of chicory was also studied. Detailed 
methodology is described below: 
The fresh chicory roots were procured from district Etah and village 
Bishanpur, Iglash district Aligarh. Good quality chicory roots of uniform shape 
and size, free from blemishes were sorted out and thoroughly washed under 
running tap water to remove adhering soil particles. The leaves from the roots 
were removed manually. The moisture content of fresh chicory roots was 
determined by using a standard hot air oven. 
The slices /cubes of 10 mm x10 mm x10 mm were prepared by using a 
mechanical slicer described earlier. Sliced samples were also collected from 
the slices of the primary processing plant for comparative studies. After 
determining their initial moisture content, the slices were dried up to moisture 
content 13-14% using following different methods in the month of April-June 
when ambient temperature and RH varied between 38°C - 44 °C and 40-70 % 
respectively: 
(i) Traditional sun drying on white poly-ethylene woven sheet (Figure 3.3) 
(ii) Sun drying on black polyethylene sheet (Figure 3.4) 
(iii) Poly solar dryer (made up of UV-film using a black sheet at the bottom 
surface of it) (Figure 3.5) 
(iv) In electrically operated tray dryer (Figure 3.6) 
(v) Continuous belt type dryer [Figure 3.7(a) and Figure 3.7(b)] 
(vi) Fluidized bed dryer (Figure 3.8) 
The details of poly solar dryer, tray drier, belt drier and fluidized bed 
dryers are given below: 
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Figure 3.3: Traditional sun drying on white poly-ethylene woven 
sheet 
Figure 3.4: Sun drying on black poly-ethylene woven sheet 
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3.4.1 Details of dryers used 
• Poly solar dryer 
A poly house in the department of Post Harvest Engineering and 
Technology, Faculty of Agricultural Sciences, AMU, Aligarh available was 
used as a solar dryer. It was a frame or inflated structure covered with a 
transparent UV stabilized polyethylene film of 200 micron. It was designed 
to capture energy from the sun in the form of heat to dry the chicory in 
summer season. The poly house was arch type (modified Quonset type; 
covering the flour area of 30 sq. m. (6m x 5m) as shown in Figure 3.5. The 
temperature in poly house was observed in the range of 45-65 °C during 
drying season. The study was conducted in natural ventilation, keeping 
the windows open in the side of door of the poly house. 
Figure 3.5: Poly Solar Dryer 
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• Tray drier 
Tray dryer manufactured by M/s Khera Instruments Pvt., New Delhi, 
(Figure 3.6) was used for dehydration study. The equipment consists of an 
insulated cabinet in which 12 trays (85 cm x 40 cm each) are placed one 
above the other with some gap in between them. The trays are made of mild 
steel and the tray dryer needs two electric heaters to generate heat. Heated 
air is recirculated inside the cabinet with the help of a circulating fan. A 
thermostat is provided to control and maintain the desired temperature. A dial 
type thermometer (range 0-300°C) is also provided with dryer to measure the 
air temperature inside the drying chamber. Air movement over the product 
surface is at a relatively high velocity to achieve efficient heat and mass 
transfer. 
Figure 3.6: Electrically operated try dryer 
Experiments were carried out at the temperatures of 50°, 60°, 70° and 
80°C with a tray load of 2.97 kg/m^. The tray dryer were switched on and 
desired temperature achieved. Initially, dryer was run idle for about 20 
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minutes to stabilize the temperature. When temperature got stabilized, the 
samples was spread uniformly over the drying trays and placed in the drying 
chamber. At predetermined time interval (60 minutes), samples were quickly 
taken out of the trays, weighed and placed again into the dryer for further 
drying. An electronic balance was used for weighing of samples. The drying 
process was carried out till predetermined weight of the samples 
(corresponding to desired final moisture content) was achieved. Air 
temperature in tray drying expenments was selected on the basis of the range 
generally adopted for drying vegetables. Tray load was at full capacity with 
single layer of cubes. 
The corresponding moisture content of the sample was computed 
through electronic mass balance. At the end of each experiment, sample was 
taken out and packed in LDPE packaging material and stored at room 
temperature for further studies. 
• Continuous belt dryer 
A continuous belt type of dryer [Figure 3.7 (a)] was fabncated in the 
department of Post harvest Engineenng and Technology, Faculty of 
Aghcultural Sciences, AMU, Aligarh to study the drying charactehstics of 
chicory cubes. The width was decided as equal to the width of air blower and 
length was taken in such a way that the cubes can be dried in 6.5 hours to 
11.5 hours. The time of drying was decided on the basis of tray drying 
studies. The main components of continuous belt type dryer are discussed 
bellow: 
(a) Inlet trough: It consists of rectangular shape (size 22 cm X 45 cm X 3cm) 
opened upper side of main-frame of drier on the wire mesh belt [Figure 
3.7(b)]. The material is fed manually from upper side on belt. Initially 2 kg of 
material at a time and then feeding continuously, 
(b) Wire mesh belt: The drier has two endless belts, the length of upper belt 
is 370 cm and that of lower belt is 340cm. The movements of the belt are 
opposite to each other. The upper belt carries the material to blower end. The 
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material is partially dried by hot air of 65°C and dropped on lower belt which 
carries the material back towards the outlet provided at the bottom of dryer on 
feeding side. The power is transmitted to belts though gear box mechanism. 
The speed of belts was recorded as 1-1.82 cm/min. The speed can vary with 
help of rectifier and dnve for 1 h.p. d.c. motor. The belts move on end pulleys 
of cylindhcal shape, driven by gear system. This increases rate of drying. The 
material to be carried by upper belt was partially dried through hot air in 
tunnel and dropped on lower belt for final drying and exit by discharge 
section. 
Heating system The ambient air heated by the two electric heaters of 1 kW, 3 
phase each were fitted on both end of drier for each belt. The cool air sucked 
by blower on both end of drier was heated by heaters at 65 °C temperature 
and was maintained at the center of the upper belt containing material to be 
dried. The power requirement of heating system was 2kW. 
Air blowing system A slotted space is provided over blower frame through 
which cool air was sucked by blower. This air was passed through heated 
mental of heater so that air achieved required temperature (about 65°C) for 
drying of material. The temperature of drying air was varied with length of 
tunnel and drying materials. Two blowers were installed at both end of drier 
for each belt (one each), to deliver the cool air to the on belt. The air velocity 
of the air blowing system was 4-5 m/sec. 
Driving Mechanism Three electnc motors were fitted on continuous belt type 
dryer. These include two a.c. motors of 1 h.p. 3 phase each for driving the two 
blowers on both end of drier with the help of V grooved pulley and belt. 
Third d.c. motor of 1h.p. . single phase with rectifier was attached to transmit 
the power to gear mechanism that also delivered the power to the upper and 
lower wire mesh belts through two gear fitted on upper and lower belt shaft on 
one end of drier. The power of motor was transmitted to gear mechanism 
through V-grooved pulley and belt. 
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Discharge section It was constructed in rectangular shape (11cm X52 cm) 
on end of lower wire mesh belt just below the inlet trough. The dried material 
was dropped and collected on trays. 
The technical specification of continuous belt dryer are given in Table 3.5. 
Table 3.5: Technical specification of continuous belt dryer 
SI. No 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
Parameters 
Overall length (cm) 
Overall width (cm) 
Overall height (cm) 
Size of inlet trough (cm) 
Size of discharge section (cm) 
Length of upper belt (cm) 
Speed of upper belt (cm/min) 
Length of lower belt (cm) 
Speed of lower belt (mm/min) 
Nos. of motor 
No. of electric heater 
Type of air blower 
Type of conveyance system 
Temperature of drier at center (°C) 
No. of gears 
Speed of gear (rpm) 
Input rate (kg/hr) 
Output rate (kg/hr) 
Capacity of drier (kg/hr) 
Specifications 
475 
105 
131 
22 X 45 X 3 
11 X52 
370 
1-1.82 
340 
1-1.82 
3 (2a.c. and 1 d.c.) 
8(1kWeach) 
centrifugal straight blade type 
wire mesh belt 
65°C 
2 
0.0416 
1-2 
0.15-0,40 
0.15-0.38 
The drying studies in the tray drier indicate that the time required for 
drying chicory cubes at 70°C temperature was 8 hours. On the basis of this 
result, selection of belt speed was done such that residence time of chicory 
cubes might be adjusted between 6.5 hrs and 11.5 hrs. Figure 3.7(b) shows 
the wire mesh belt of the continuous belt type dryer. 
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Figure 3.7(a): Continuous belt type dryer 
(Design and developed at AMU, Aligarh) 
Figure 3.7(b): Close view of feeding trough of continuous belt dryer 
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• Fluidized bed dryer 
In this dryer (Figure 3.8, lab model) the which moisture removal takes 
place by fluidization of solids with hot air. The set up is fitted with a specially 
designed, vertical polycarbonate column. The lower conical portion of the 
column is fitted forfluidizing matenal. The material is supported on the screen 
mesh held between two flanges. Air from a compressor is heated in the 
heater box and passed through the column. Flow controls and by pass valve 
are fitted to regulate the air flow. The specifications of the dryer are given 
below in Table 3.6. 
Table 3.6: Technical specification of fluidized bed dryer 
SI. No 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Parameters 
Electricity supply 
Granular & free flowing solid 
Column material 
Column diameter 
Column total length 
Air supply 
Heating chamber 
Specifications 
1 phase; 220 V AC; 3KW 
Chicory cubes 
Polycarbonate 
80 mm 
500 mm with one end conical 
Compatible system (8.4m/s, 10.4m/s, 12.4m/s) 
Compatible capacity fitted with nichrome wire heater 
8. Digital temperature control 0-199.9 °C 
The temperature was selected from the study of tray drying and air 
velocity was taken as the maximum and minimum at which the cubes 
suspended in the drying chamber and the intermediate value of these two. 
The air velocity inside drying chamber was measured with help of a vane type 
anemometer which was kept in such a way that its vane remained vertical 
and faced the direction of air flow. The readings of the anemometer were 
recorded for one-minute duration. The specifications of anemometer were as 
follows. Make : Lutron 
Model: AM-4201 
Type: Vane probe digital read out 
Range: 4-30 m/s, 1.4-108 km/hr, 8-58.3 knots 
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Figure 3.8: Fluidized bed dryer 
Weighing of a samples for analysis of moisture content was carried out 
with the help of electronic balance. A top pan electronic balance of high 
accuracy (Ana made, Pune) was used which was provided with digital 
display. It has capacity of 4000g and least count of 0.1g. 
3.4.2 Experimental Plan 
The experiments for drying of chicory samples of 1000g each were 
carried out till constant weight was achieved. Inlet hot air temperature varying 
at 70, 75, 80 & 85 C at air velocity varying at y.^ m/sec, 9'*2m/sec and 
11.%m/sec respectively were used. The samples were weighted at every 5 
minutes by the electronic balance. 
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3.4.3 Experimental Setup Used 
3.4.3.1 Hot air oven 
A hot air oven was used to determine the moisture content of 
samples. Hot air oven (Yorco Model) has outer wall made of MS sheet and 
inner chamber made of stainless steel with ribs on walls. It has 75 mm thick, 
high-grade/mineral wool between the two walls on all sides. The heating 
element is nicrome wire distributed evenly on three sides for uniform heating. 
It is provided with a double walled door, air ventilators on both sides and at 
top with adequate opening. A temperature in the range of 50-250 °C can be 
maintained. 
3.4.3.2 Digital pH meter 
The digital pH meter (metzer model) was used to determine the pH of the 
sample. It has an electrode, which is to be dipped in distillated water always 
and in sample solution during measurement of pH. The pH is displayed in the 
form. Control panel consists of standby knob, temperature adjustment, knob, 
slope adjustment knob and calibration knob. 
3.4.4 Determination of experimental parameters 
3.4.4.1 Initial moisture content 
Initial moisture content of chicory slices was determined by hot air 
oven drying method as recommended by Ranganna (1994). A brief 
description of the method is presehted below. 
A thin layer of finely divided asbeistos (gooch grade) was spread over a flat 
bottom metallic dish and dried £it 110°C in hot air oven for one hour then 
covered, cooled and weighted. Sample of 20g slices was taken and its weight 
was recorded as initial weight cif samples (Mo). The slices were spread 
uniformly over the asbestos layer in a metallic dish and weight was recorded 
as Ml Weighing was done as qu ckly as possible to avoid loss of moisture. 
The dish-containing sample was then placed in the hot air oven maintained at 
100±1°C temperature. The cover cf dish was removed before placing the dish 
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in the oven. After 16-18 hours of drying in oven, the dish was taken out of the 
oven with its lid covered and put into the desiccator containing activated silica 
gel. When dish cooled to room temperature, which in general took about one 
hour, it was weighed and its weight was recorded as M2. The moisture 
content tests were carried out in triplicate and weighing were done to the 
nearest ±1mg. Moisture content of the sample was calculated using following 
equation. 
IMC = {( Mi- M2)/ Mo] X 100 ( Equation 3.1) 
Where, 
IMC = Initial moisture content of samples, %(wb) 
Mo =lnitial weight of sample taken, 20g 
Mi = Weight of sample before oven drying plus weight of dish with cover, 
g 
M2 = Weight of the dish with cover containing dried and desiccated 
sample, g 
3.4.4.2 Moisture content during drying operation 
Moisture content of the samples during drying operation was computed 
through mass balance. For this purpose, weight of the samples during drying 
was recorded at predetermined time interval. The following formulae were 
used to calculate the moisture content. 
Weight of bone dry material (Wd) 
= Initial weight of sample x (100-lnitial moisture % content) —(Eq. 3.2) 
100 
Moisture content 
(Weight of samples at any time- Wd) x 100 —(Eq. 3.3) 
Weight of samples at any time 
Where, 
M.C. = Moisture content of sample any time % 
Wd = Weight of the bone dry matter of substance, g 
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3.4.4.3 Drying rate analysis 
Drying rate was calculated using following equation as suggested by 
Jain and Singh (1977) 
D.R. = Wt - Wt-^ Dt ( Equation 3.4) 
DtxWd 
Where, 
D.R. =Average drying rate, g of average water removed/min/g of dry matter 
Wt = Weight of samples at any time t, g 
Wt+Dt = Weight of samples at any time (t+Dt), g 
Dt =Time interval 
Wd = Weight of bone dry material, g 
3.4.4.4 Determination of browning Index 
Browning index of chicory sample was determined in terms of optical 
density (O.D.) by using method recommended by Srivastava and Kumar 
(1994). A brief description of method is given below: 
A 5 g of sample was soaked in 100 ml of 60% ethyl alcohol for 12 h 
and filtered through Whatman No 1 filter paper. After filtration the absorbance 
of the filtration was recorded at 440 nm using 60% alcohol as blank and 
expressed as optical density. 
3.4.4.5 Determination of sugar by Shaffer-Somogyl Micro Metliod 
Reducing sugars in pure solutions or in the plant material (after 
suitable pretreatment to remove interfering substances) was estimated by the 
use of copper reagent of the type utilizing idometric titration of cuperous oxid. 
(a) Reagents used 
(i) Copper Sulphate Solution 
Dissolved lOOg of copper sulphate (CUSO4.5H2O in water and made 
upto 1,0Q0ml) 
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(ii) 0.1 N Potassium lodate solution 
Made upto 3.562g potassium iodate (KIO3) to 1 litre with water. 
(iii) Shaffer-Somogyl Carbonate Reagent 
Dissolved 25 g each of anhydrous sodium carbonate (Na2C03) 
and Rochelle Salt (Potassium Sodium Titrate KNaC4H406.4H20) in 
approximately 500 ml water in a beaker. Added with stirring 75 ml of 
copper sulphate solution and 20 g sodium bicarbonate. After it 
dissolved added 5-g potassium iodide. Transferred the solution in 1 
litre volumetric flask and added 250 ml of 0.11 NKIO3 solution. Made 
upto volume and filtered. Stored over night before use. 
(iv) Iodide Potassium Oxalate Solution 
Dissolved 2.5g potassium iodide (Kl) and 2.5 g potassium 
oxalate (K2C2O4) in water and diluted to 100 ml. Prepared fresh 
weekly. 
(v) 0.005N ThioSulphate Standard Solution 
Prepared daily from standard stock 0.1 N Solution. 
(vi) 2N Sulphuric Acid Solution 
(b) Preparation of samples 
Weighed 2.5-5.0 g of sample and transferred to a 250 ml beaker. 
Added about 50 ml water, heated to boil, cooled and transferred to a 250 ml 
volumetric flask. Added lead acetate solution, shook and allowed to stand for 
10 minutes. Precipitated the excess of lead using necessary amount of 
potassium oxalate solution (22% in water). Made upto volume with water and 
filtered. 
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(c) Procedure 
(i) Estimation of Reducing Sugars 
Following steps were taken: 
Pipette 5ml solution containing 0.5-2.5 mg dextrose into 25 x 100 mm 
test tube. Added 5 ml of the shaffer-somogyl reagent and mixed well. 
Simultaneously prepared the blank using 5 ml of water and 5ml of shaffer-
somogyl reagent. Placed the tubes, capped with funnels in a boiling water 
bath for 15 minute. Removed the tubes carefully without disturbing and 
cooled in running water for 4 minutes. Removed the funnel and added 
through the side of each tube, 2 ml of iodide-oxalate solution then 3 ml of 
2NH2SO4. Precautions were taken not to agitate the solution. Mixed 
thoroughly to ensure that all cuprous oxide was dissolved and allowed it to 
stand in cool water bath for 5 minute by mixing twice during that time. Titrated 
with 0.005 N thiosulphate using starch as indicator. Subtract the titrate value 
of test solution from that of blank and determined the amount of dextrose in 5 
ml of solution (Ranganna, 1994). Made control determination with known 
amounts of dextrose and applied concentrations for any deviations from 
tabulated equivalents. 
(ii) Estimation of Total Sugars 
To 25 ml of a filtrate in a 50 ml volumetric flak, added 5.0 ml of HCL 
(1+1). Allowed to stand for 24 hrs at room temperature. Neutralized 
exactly with sodium hydroxide and made up to volume with water. 
Took an aliquot and determined the total invert sugars as in reducing 
sugars. 
(iii) Calculations 
Reducing Sugars % 
= mg. of Dextrose x Volume made up to x 100 (Equation 3.5) 
5 X wt of sample taken x 1000 
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% Total sugars as invert sugar 
= mg of Dextrose x Volume made up x 10 (Equation 3.6) 
Titrate x wt. Volume of sample x 100 
% Sucrose 
= (%Total Invert Sugars - %Reducing Sugars Originally Present) x 0.95 
(Equation 3.7) 
% Total Sugars 
= % Reducing Sugars + %Sucrose (Equation 3.8) 
3.5 Development of chicory pickles and studies on physico-
chemical, microbiological and textural characteristics and 
sensory attributes of developed chicory pickles stored at 
room temperatures in various packaging materials 
3.5.1 Experimental Plan 
Based on available literature on vegetable pickles, the composition of 
chicory pickles were selected and experimental plan was devised. Along with 
chicory slices, other used ingredients were standardized based on trial 
experiments and sensory / organoleptic test results. The process flow charts 
for oil, salt, vinegar and combination (oil-salt-vinegar) based pickles are given 
in Figures 3.9(a), 3.9(b), 3.9(c) and 3.9(d), respectively. The prepared chicory 
pickles were then packed in two different types of packaging materials viz. 
LDPE Jars and glass Jar for storage studies. LDPE was selected in the study 
due to its easy availability and low cost whereas glass jar was selected 
because of its excellent moisture barrier property and inert characteristics and 
being conventional packaging material for pickles. The various physico-
chemical, microbiological and textural characteristics and sensory attributes 
of developed chicory pickles for fresh as well as stored pickles at room 
temperatures in various packaging materials were also evaluated. Reference 
for studying the quality of the pickles was taken from Ranganna (1994). 
Experimental lay out for development of pickles is given below in Table 3.7. 
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Fresh chicory roots 
i 
Washing 
1 
Cutting slices longitudinally 
I 
Washing i 
Steeping 
(2% Citric acid+2% Sodium Chloride) 
for 24 hours 
I 
Drained off water 
I 
Filling in jars 
] 
Sprinkle the salt 
Keeping in sun for a week 
I 
Mixing spices 
I 
Storage at room temperature 
Figure 3.9(a): Process flow chart for preparation of salt 
based chicory pickle 
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Fresh chicory roots 
I 
Washing 
i 
Cutting slices longitudinally 
V 
Washing 
v/ 
steeping 
(2% Citric acid+2% Sodium Chloride) 
for 24 hours 
i 
Drained off water 
V 
Drying in shade for an hour 
Mixing with salt 
1 
Filling in jars 
h 
standing for 24 hours 
Drained off water 
i 
Adding spice and vinegar to cover the slices 
Keeping in sun for a week 
i 
Storage at room temperature 
Figure 3.9(b): Process flow chart for preparation of vinegar 
based chicory pickle 
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Fresh chicory roots 
Washing 
\y 
Cutting slices longitudinally 
Washing 
Steeping 
(2% Citric acid+2% Sodium Chloride) 
for 24 hours 
] 
Drained off water 
Drying in shade for an hour 
Fry the spices in oil and then add slices 
Heating at temperature 70°C for 15 minutes 
\ 
Mixing salt 
h 
Filling in jars 
i 
Add remaining heated oil to cover the slices 
Keeping in sun for a week 
Storage at dry place 
Figure 3.9(c): Process flow chart for preparation of oil 
based chicory pickle 
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Fresh chicory roots 
>7AM. »• . ) , 
Washing 
Cutting slices longitudinally 
h 
Washing 
i 
Steeping 
(2% Citric acid+2% Sodium Chloride) 
for 24 hours 
Drained off water 
Drying in shade for an hour 
Fry the spices in oil and then add slices 
Heating at temperature 70°C for 15 minutes 
Cooling 
Making paste of tamarind pulp, jaggery and vinegar 
I 
Adding paste to slices 
Filling in jars 
Add remaining heated oil to cover the slices 
1/ 
Keeping in sun for a week 
Storage at dry place 
Figure 3.9(d): Process flow chart for preparation of combination 
(salt-vinegar-oil)based chicory pickle 
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Table 3.7 Experimental layout for preparation of chicory pickle 
Variable / Parameters 
Product 
Storage conditions 
Packaging materials 
Sample size 
Levels 
4 
1 
2 
1 
Description 
Chicory pickles 
Room temperature 
Glass and LDPE Jars 
1 Kg 
The various characteristics of fresh and stored pickles which were 
evaluated are described in Table 3.8 
Table 3.8: Characteristics of pickles 
i) 
ii) 
iii) 
iv) 
Physico chemical characteristics 
Microbial characteristics 
Sensory characteristics 
Texture characteristics 
Moisture, pH, acidity, protein, fat and ash, 
Total plate count, yeast and mold count 
Colour, flavour, texture and taste 
Volodkevich bite test to determine 
hardness 
3.5.2 Determination of experimental parameters 
(a) Acidity 
Titrable acidity was determined as described by Ranganna (1994). To 
prepare the sample, the samples was pulped with the help of a pestle and 
mortar, 5 g of pulped sample was then boiled in 100 ml of distilled water for 
one hour, replacing the water lost by evaporation. It was then cooled, filtered 
and transferred to a volumetric flask and made upto 100 ml with distilled 
water. 10 ml of aliquot was pipetted out and titrated against 0.02N NaOH with 
few drops of phenolphthalein as indicator. 
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The titre value was noted and percent total acid was calculated as 
percent anhydrous citric acid using the following equation. 
% Total acid = Titre x Normality of NaOH x Volume made of Eq. wt of Citric Acid x 100 
Volume of sample taken for estimation x wl. or volume of sample taken x 100 
Equation 3.9 
(b)pH 
pH is the measurement of the logarithm of inverse of hydrogen ion in 
the solution, expressed as 
pH = -log (H*) Equation 3.10 
Where, H = hydrogen ion concentration (g/lit) 
The electronic pH meter (digital pH meter, Metzer model) was calibrated 
using 7 pH and 4pH standard buffer solutions. Then the electrode was dipped 
in the test solution and the temperature knob was adjusted to temperature of 
test solution. The function selector switch was set to pH and reading of digital 
display was allowed to stabilize before it was noted. 
(c) Protein estimation 
In this method protein was analytically estimated by determining the 
amount of total nitrogen in the samples. 
Reagents used 
(i.) Cone, sulphuric acid (98% pure) 
(ii.) 0.01 Hydrochloric acid 
(iii.) 2% Boric acid solution 
(iv.) 30% sodium hydroxide (NaOH) 
(v.) Catalyst mixture (potassium sulphate, copper sulphate and 
selenium oxide) 
(vi.) Mixed Indicator (Bromocresol green, 0.1% and methyl red, 0.1%) 
Apparatus used : Kjel-dahl apparatus 
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Procedure 
5 g of chicory pickle sample and 2 g of catalyst mixture were taken into 
a digestion flask. Then 10 ml cone, sulphuric acid was poured into the 
mixture and kept for gently heating. The heating was continued until frothing 
was ceased and the mixture became light greenish coloured liquid. The 
complete digestion required at least 2 hours. The flask was cooled after 
digestion and the digested liquid was maintained up to 100 ml with distilled 
water in a standard flask. 
A 10 ml aliquot of sample was taken and transferred into the digestion 
flask through the small funnel and 30 ml of 30% NaOH was also added into 
the digestion flask and again heated the liquid mixture which evolved, 
nitrogen gas which was collected into a small 100 ml conical flask which 
contained 100 ml of 2 % boric acid and one to two drops of mixed indicator. 
This process was continued until the bubble formation stopped in the boric 
acid solution. This process was repeated at least three times. 
Now this collected solution was titrated against N/10 HCI. The blank 
was run in the second test of the experiment and the titration was done in a 
similar way. 
Calculation 
(sample-blank) X N of HCI X volume made up of digested 
Nitrogen %= X 100 
Aliqout of digest X volume of sample XI000 
Equation 3.11 
and 
Protein (%) = 6.25 X Nitrogen (%) Equation 3.12 
(e) Fat estimation 
Apparatus Used: Soxhiet apparatus 
Solvent Used: Petroleum ether (boiling point, 40-60°C) as extraction 
medium 
58 
Procedure 
15 g of chicory pickle sample was taken in a thumble, which was of 
porous paper for fat estimation. The thumble was then placed in extracting 
tube and this tube was connected with the weighed flask and the condenser 
too. The heat vaporized the volatile solvent, which passed up the side arm 
and was condensed in the condenser. The condensed solvent fell drop by 
drop into the thumble. When sufficient amount of solvent had been 
transferred to the extracting tube to fill the siphon arm, it was siphoned back 
over into the weighed flask. This process was continued for 20 hours until 
extraction was completed. Then the bottom flask was removed, the volatile 
solvent was vaporized and fat extracted was obtained as residue. The 
following formula was used to express fat content of the sample. 
Weight of residue left after evaporation of solvent in flask 
Fat content, % = X100 
Weight of sample Equation 3.12 
(f) Determination of total ash content 
Ash content of a food-stuff represents inorganic residue remaining 
after destruction of organic matter. 
Total ash content of chicory pickle was determined as per procedure 
suggested by Ranganna (1994). Tare weight of a silica crucible was noted 
(Wi). A 5g (W) of the sample was taken into it. The content of the dish was 
ignited at 525°C for 5-6 hrs in a muffle furnace. After complete ignition of the 
contents, it was cooled, and weighed (W2). The total ash content was 
calculated as follows: 
(Wi +W) - W2 
% Total Ash content = X 100 Equation 3.13 
W 
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(g) Microbiological quality 
Microbial analysis was done eseptically to determine the total plate 
count of the samples on Nutrient Agar (NA) for bacterial count and Potato 
Dextrose Agar (PDA) for yeast and mold count. 
Procedure 
Preparation of media: The various compositions are as follows 
Nutrient Agar Media (NA) Potato Dextrose Agar (PDA) 
Peptone 
Agar-Agar 
Beef extract 
Yeast extract 
NaCI 
Distilled water 
5g 
20 g 
1.5g 
1.5g 
5g 
- 1000 ml 
Peptone 
Dextrose 
Agar-Agar 
Chlorum fenicol -
Distilled water 
20 g 
40 g 
50 g 
3 mg (Capsule) 
- 1000 ml 
Normal Saline Solution (NSS) 
Distilled water - 1000 ml 
NaCI - 8.6 g 
Sterilization 
All the necessary glass wares, required number of petri-dishes, NA 
Media, PDA media, 9 ml of NSS distributed in 7 test tubes, microbial tips (1 
ml, 0.5 ml) and spreader were heated for 15 min in an autoclave maintained 
to 15 psi for sterilization. The autoclave was then switched off and steam was 
allowed to escape. 
Pouring 
This is transfer of media into petri dishes. This was done in laminar 
flow chamber. The flame was lighted and the petri dishes were slightly 
opened near the flame and the media was poured in petri dishes. The petri 
dishes with media were then kept undisturbed for solidification in BOD in 
water. 
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Preparation of sample (serial dilution) 
One gram of the sample was taken and transferred to the test tube 
with 9 ml of NSS. It was marked as 10'^  and others as 10" ,^ 10•^ 10"^ 10 ^ 
and 10" .^ The test tube containing sample was homogenized with the help of 
cycio mixer. One ml of sample suspended in saline solution from 10"^  test 
tube was transferred to test tube marked as 10"^  with the help of micropipette 
and homogenized. The tip was then discarded. One ml sample from 10"^  
marked tube was transferred to 10'^ with a sterilized 1 ml micropipette. 
Similarly, the sample was transferred till the test tube marked as 10'^. 
Inoculation of sample 
This was also done aseptically in the laminar flow chamber. 0.5 ml of 
the sample suspended in saline solution from 10"\ was taken with 
micropipette and transferred to petri dish marked as 10"^  of NA media and 
PDA media. The microbial tip was discarded and another sterilized tip was 
used to transfer sample from 10"^  saline solution to 10'^ NA and PDA plates. 
Precautions were taken in inoculation so that contamination should not take 
place. Similarly, all the samples suspended in saline solutions were 
transferred to the respective petri dishes of both NA and PDA media. For 
each dilution, 3 replications were taken. A control of both NA and PDA media 
was also kept without inoculation. 
The inoculated petri dishes were incubated in a B.O.D. incubator for 48 
hours where the temperature was maintained at 37°C. After 24 and 48 hours, 
total plate count was taken for both NA and PDA plates. 
3.5.3 Textural quality evaluation 
Texture is defined as the response of the tactile senses to physical 
stimuli that contract between some part of the body and food (Bourne, 1982). 
For evaluation of texture characteristics, a texture analyser (model: THD, 
make: Stable Micro Systems, England) [Figure 3.10(a)] was used. It has load 
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cells of different capacities and different probe attachments can be fitted in its 
cross head for textural analysis of products. It is operated by computer 
software (texture expert), which has salient features namely opening of new 
file, TA setting, probe selection, quick run at test. Running of test creates a 
graph between force Vs time and also force Vs distance. Either of the two 
types of forces namely compression or tension may be applied over the 
products to carry out suitable tests, depending upon the products to measure 
the textural properties. Some of the major food textural properties measure by 
this instrument are bloom strength, cohesion, chewiness, creep, crispness 
etc. Bite test was done by using Volodkevich blade [Figure 3.10(b)] which 
simulates force required for cutting by incisor teeth. 
Figure 3.10 (a): Texture Analyser 
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Figure 3.10 (b): Volodkevich blade 
The texture analyzer was calibrated according to procedures outlined 
in the data acquisition software and Texture Expert Version 3.0. A 250 kg 
load cell was connected to then cross head. Texture analyzer setting used for 
the bite test was done by using Volodkevich blade are as follows (Table 3.9); 
Table 3.9: Texture analyzer settings for textural analysis 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Parameters 
Mode 
Option 
Pre-Test speed 
Post -Test-speed 
Distance 
Distance 
Cycles 
Trigger Force 
Sensitivity 
Data Acquisition 
Bite Test 
Force in Compression 
Return to start 
2.00mm/s 
2.00mnfVs 
100mm/s 
100% 
-
Auto-0.5g 
0.0 g 
lOOpps 
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Probe calibration 
Before carrying out the compression test in strain, the probe was 
calibrated to acknowledge the bed surface. For this, the probe was lowered 
so that it was closer to bed surface. Texture Analyzer on the menu bar was 
clicked then calibrates probe and the distance the probe to return to after 
sample compression was specified. 
Test set-up 
The sample was placed carefully under the probe and its position at 
center was ensured. Then run a test from the menu bar was clicked which 
initiates the movement of the crosshead. 
Observation 
Plots of forces versus distance were obtained in both the tests. The 
plots were analyzed as follows: 
• Volodkevich bite test: Positive peak force as resistance to cutting. 
3.5.4 Sensory Quality 
Sensory quality attributes such as colour, texture, flavour, taste and 
overall acceptability of chicory pickles were evaluated. Hedonic rating test as 
recommended by Ranganna (1994) was used for the purpose of evaluation. 
This test measures the consumer's acceptability. Detailed methodology is 
presented below: 
A trained panel consisting of 10 judges of different age groups having 
different eating habits was constituted to evaluate the quality through properly 
planned experiments. The judges were selected from the staff and students of 
the Department of Post Harvest Engineering and Technology. The judgments 
were quantified by appropriate analysis for determining the significance of 
variation of average scores and the contribution of the individual quality 
characteristics to the overall quality. 
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Samples were served to the panelists and they were asked to rate the 
acceptability of the product through sense of organs. Different attributes viz. 
colour, texture, flavour and overall quality were rated on the basis of 9-point 
Hedonic Scale ranging from 1 (extremely dislike/most undesirable) to 9 
(extremely like/most desirable) (Table 3.10). A test performa was also 
prepared and supplied to them at the time of evaluation. 
Table 3.10: Nine point Hedonic scale 
Attribute Score 
Like extremely 9 
Like very much 8 
Like moderately 7 
Like slightly 6 
Neither like nor dislike 5 
Dislike slightly 4 
Dislike moderately 3 
Dislike very much 2 
Dislike extremely 1 
3.6 Statistical Analysis 
3.6.1 Standard deviation 
The best and most commonly used statistical evaluation of the 
precision of analysis data is the standard deviation. The standard deviation 
measures the spread of the experimental values and gives a good indication 
of how close the values are to each other. 
Samples were prepared in three replications and data obtained for 
selected quality parameters were analyzed for mean and standard deviations 
using following formula. 
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S.D. = ±V [ i= i r (X i - x ) ' ] / n 
Where, 
X, = individual sample values 
X = mean of individual samples 
n= total population of samples 
3.6.2 Analysis of variance (ANOVA) 
The study was planned on factorial design, comprising of two 
packaging materials (variables), namely glass and PRT (polyethylene) and 
five storage periods and each has three replicates. To test the significance of 
effect of product packaging and storage period and on quality parameters, 
analysis of variance (ANOVA) was carried out as applicable to experiments of 
factorial designs, outlined by Mandal and Nambiar (2002). 
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CHAPTER 4 
RESULTS AND DISCUSSION 
The present study was carried out to develop improved post harvest 
management practices for chicory crop. Study included major post harvest 
operations for chicory (washing, slicing and drying), product diversification, as 
well as their quality control, physico-chemical, microbial bacterial count and 
yeast & mold count, organoleptic and textural characteristics of new product 
(pickles) developed from chicory roots etc. The present research work was 
carried out at the Department of Post Harvest Engineering and Technology, 
Faculty of Agricultural Sciences, Aligarh Muslim University, Aligarh, India. The 
results are presented below under different sub headings: 
4.1 Study of the present post harvest management of 
practices in Etah and Aligarh region 
Observation tables were prepared to collect the required informations 
by conducting survey and questioning the farmers and primary processors. 
Based on these informations it was noted that at present the chicory root crop 
of 200±10 days after sowing are harvested manually in the months of March 
to June. For harvesting the roots are digged / uprooted manually (Figure 4.1). 
Post Harvest Operations 
The various post harvest operations of harvested chicory are 
performed in following sequence 
(a) Removal of leaves 
The first operation just after harvesting the roots is to remove the 
leaves which is done manually. 
(b) Handling of roots 
The harvested roots are transported by bullock carts and tractor 
trolley to the chicory processing plant. 
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Figure 4.1: Manual harvesting of chicory roots 
(c) Reception at processing plant 
The chicory roots received at processing plant contain about 78±1% 
(w.b.) moisture content. 
(d) Weighing of roots 
The weight of chicory roots with carts/trolley and unloaded carts/trolley 
are recorded on a platform type weighing machine as shown in Figure 4.2 to 
calculate the actual weight of roots. Weight of root in one cart and trolley is 3-
4 q/cart and 10-15q/trolley respectively. The specifications of the weighing 
machines used for this purpose are given in Table 4.1 
Table 4.1: The specification of weighing machines 
SI No. 
1 
2 
3 
4 
5 
Parameter(s) 
Type 
Make 
Capacity 
Estimated cost 
Least Count 
Specifications 
Bishapur Aligarh Plant 
Platform balance, 
Avery Co. Limited 
260 quintals 
Rs 2,00,000/-
10 Kg 
Etah Plant 
Plateform Balance 
Avery Co. Limited 
310 quintals 
Rs 2,50,000/-
10 Kg 
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Figure 4.2: Weighing of tractor trolley with chicory at processing 
plant 
(e) Temporary storage of roots 
The chicory roots received at the processing plant are temporarily 
stored for 1 to 2 days in open area before cleaning with water during peak 
season when surplus amount of crop Is received at the premises of 
processing plant. 
(f) Cleaning/washing of roots 
After weighing, the chicory roots are transferred in water tanks having 
dimensions of 2.1m x 2.4m x 3.0 m, where roots are washed manually at 
Etah Plant (Figure 4.3) whereas in Village Bishanpur, Iglash plant, the 
roots are washed mechanically (Figure 4.4) in a screw conveyer, which 
revolves the roots towards the centre of the tank. The screw conveyer is 
operated by an electric motor of 5 hp. The tank has a continuous supply of 
water as well as discharge of spent water, which can be used for irrigation 
purpose also. The specifications of the washing equipments are given in 
Table 4.2. It was observed that in both the existing plants the washing was 
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not done properly and the process was inadequate in removing all the 
adhering soil particles as the roots contained a layer of mud. in both the 
existing plants mud adhering to the roots was 5-15 g, microbial washing 
efficiency was 40-50 % and bruising nil. During washing the mud was 
collected in the tank which dissolved in the water and proper washing was 
not completed in single tank. Therefore, there is an urgent need of a 
mechanical washer to property carry out the washing operation of chicory 
roots. 
Table 4.2: The Specification of washing equipment used at 
Bishanpur, Aligarh and Etah Plants 
SI No. 
1 
2 
3 
4 
5 
6 
7 
Parameter(s) 
Type 
Capacity 
Power source 
Estimated cost 
Labour Requirement 
RPM of Screw conveyor 
Dimension of tank 
Specifications 
Bishapur Plant 
Local 
20q/h 
Electrical, 5 hp 
Rs 20,000/-
Two 
19 
3mx1.2mx0.80m 
Etah Plant 
-
-
-
-
-
-
2.1m X 2.4m X 3.0m 
Figure 4.3: Manual washing of chicory roots at Etah Plant 
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Figure 4.4: The screw conveyer type washing equipment used at 
Bishanpur block of District Aligarh 
(g) Handling of washed roots 
The washed chicory roots from washing tank are collected and 
transported manually near slicer at Etah plant whereas in Village Bishanpur 
plant, a belt elevator is attached to the water tank to lift the washed chicory 
at 3 m height on the wooden sliding roof for the collection of chicory roots 
as shown in Figure 4.5. The specifications of belt elevator are given below 
in Table 4.3 
Table 4.3 : The specifications of belt elevator 
SI No. 
1 
2 
3 
4 
Parameter(s) 
Type 
Capacity/hr 
Power source 
Estimated cost 
Specifications 
Bishapur Plant 
(Mechanical washing) 
Locally made 
lOq/h 
Electric motor, 5hp 
Rs 45,000/-
Etah Plant 
(Manual Washing) 
1 
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Figure 4.5: Belt elevator used for material handling at Bishanpur, 
Aligarh chicory processing plant 
(h) Cubing/Slicing 
The opposite side of the sliding rooftop used at Bishanpur plant has a 
provision of openings. The chicory rots are manually dropped into the trough 
of a slicer (Figure 4.6) according to the requirement. Three slicers are used 
for cutting the roots into 10 mm cubes. Each slicer is operated by 5 hp motor 
in Bishanpur plant and 7.5 hp electric motor at Etah plant (Figure 4.7). The 
specifications of the slicers used at both the plants are given in Table 4.4 
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Figure 4.6: Manual collection of chicory at Bishanpur processing plant 
Figure 4.7: View of unloading, washing, dropping of chicory roots and 
filling of cubes in bags at Etah processing plant 
73 
Table 4.4: The specifications of tlie slicers 
Si No. 
1 
2 
3 
4 
5 
6 
Parameter(s) 
Type 
Capacity q/hr 
Power source 
Estimated cost 
No of slicer 
Power required 
Specifications 
Bishapur Plant 
Locally made, batch type 
25 
Electrical motor, 
Rs 1,60,000/-
3 
5hp for each slicer 
Etah Plant 
Oswal Engg. Ltd. 
Anand, Gujarat 
30 
Electric motor. 
Rs 1,80,000/-
3 
7.5 hp for each slicer 
It was observed that the slicers did not make the cubes of standard 
size. The size of cube at both the processing plants varied between 5 mm x 5 
mm X 5 mm to 20 mm x 20 mm x 20 mm cubes whereas the recommended 
size of cube by industry is 10 mm x 10 mm x 10 mm. Thus, the cubes were 
either over sized or under sized. The over sized cubes create difficulties 
during moisture exudation and therefore take longer drying time to reach 
desirable moisture content suitable for roasting and storage. The undersized 
cubes affect the quality on the latter stages of processing as the cubes may 
be over roasted resulting in its burning. It was estimated that only 25% cubes 
were of standard size. The blades of slicer were frequently broken if the 
hardest part of the roots were not properly trimmed. Therefore a need of 
suitable slicer was also felt. 
(i) Drying of cubes/slices 
The slices /cubes obtained from the outlet of the slicer, containing 
78±1% (db) moisture were filled in jute bags (Figure 4.8), stored for 0.5 to 2 
hours and then loaded in tractor trolley and transported to the drying yard 
situated at about 500m distance. A white polyethylene sheet was placed on 
the ground to avoid the contact of soil with chicory slices. A single layer of 
chicory slices were placed on this white sheet. After every 7-8 hours the cube 
layers were turned manually with the help of a wooden plank attached to a 
long bamboo handle. 
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Figure 4.8: Filling of fresh chicory slices in bags 
The sun drying on white sheet (Figure 4.9) was completed on an 
average in three days depending upon ambient conditions, i.e. 45 °C 
temperature and 50% relative humidity. The dried chicory slices had an 
average moisture content of 11 ±1 % (db) and were light brownish in colour. 
(Figure 4.9). The dried chicory slices were then packed in jute bags of 50 kg 
each and stored in godown for further processing through out the year. 
Figure 4.9: Sun drying of chicory slices on white polyethylene sheets at 
processing plant 
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(j) Roasting 
The dried cubes/slices are roasted in next operation. A roasting 
drum, heating unit, sieve and sieve vibrator were the main parts of roaster. 
(Figure 4.10). It was observed that a batch of dried chicory cubes was placed 
into roasting drum when its temperature reached to 70°C and the roasting 
process was completed when temperature of 150°C (maximum) was attained. 
Roasting was done continuously round the clock and though out the year. 
Heating chamber of roaster was heated by using fire wood as a fuel raising 
temperature up to 150°C. Temperature of roasting drum was continuously 
monitored with the help of a digital thermometer. When ever the temperature 
exceeded 150°C, the fire bed was pulled out manually to reduce the 
temperature of roasting drum. Thus, continuous monitoring of roasting 
process was required. It was observed that fluctuation in temperature lead to 
over roasting of chicory cubes. After completion of roasting process, drum 
was tilted manually to unload the roasted product over the sieves. Just below 
this part of the sieve, a blower was provided to cool down the product quickly. 
The roasted chicory was spread manually over the sieve in thin layer. The 
sieve had dimension of 6.0 m x 0.75 m. The sieves comprised of double 
screens. The upper screen had round perforations of 5-mesh size, whereas 
lower screen had round perforations of 20 mesh size. Sieves were provided 
with an electrically driven (1 hp) vibrator to facilitate efficient grading. A batch 
of 500 Kg at Etah Processing Plant and 300 Kg at Bishanpur Plant dried 
chicory took about 1.5 hours to complete the roasting process. After roasting, 
chicory cubes were quickly cooled down at room temperature. About 350 Kg 
of roasted chicory at Etah Processing Plant and 210 Kg at Bishanpur Plant 
roasted chicory was obtained from one batch. The roasted chicory cubes 
were sieved by double screen to obtained the uniform standard size of 
roasted cubes. Oversized and undersized cubes were rejected. For this 
operation three roasters were used continuously for 24 hours in both plants. 
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Figure 4.10: Roaster 
The specifications of roasters are given in Table 4.5 
Table 4.5: The specifications of the roasters 
SI 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Parameter(s) 
Type 
Capacity/hr 
Power source 
Estimated cost 
No of roaster 
Labour required 
Fuel consunnption 
Input (dried chicory feed) 
Output (roasted chicory 
obtained) 
Specifications 
Bishapur Plant 
Locally made, batch 
type 
3q/h 
Electrical, 5 hp 
Rs 1,50,000/-
3 
6 
50Kg/h 
300 Kg/h 
210 Kg/h 
Etah Plant 
Oswal Engg. Ltd. Anand, 
Gujarat, batch type 
5q/hr 
Electrical, 3 hp 
Rs 1,80,000/-
2 
6 
50Kg/h 
500 Kg/h 
350 Kg/h 
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4.2 Adoption and Evaluation of Improved Post 
Harvest Equipment 
Based on literature survey, some improved post harvest equipment 
developed for other root crops, were procured and evaluated for their 
performance with chicory roots. The results of these performance evaluated 
studies are presented below: 
4.2.1 Root washer developed for other crops 
Washing is the essential primary processing unit operation for chicory 
roots. This operation is done not only to remove field soil, dust, pesticides etc. 
but also to reduce the surface microbial load. For washing of freshly harvested 
chicory roots, a portable batch type rotating vegetable washer, developed by 
PAD, Ludhiana was used. This equipment (Figure 4.11) is operated by a Ihp 
electric motor and has a capacity of washing 4-6q roots/hr. The feed rate of 
water inside the washer was 5 lit/min. Figure 4.12 shows the roots washed by 
this washer. 
Figure 4.11: Vegetables washer developed by PAU, Ludhiana being 
evaluated for washing of chicory root 
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Figure 4.12: Chicory roots washed by PAU root washer 
The washing machine was evaluated in terms of its capacity, rotational 
speed, bruising percentage and microbial washing efficiency. The roots were 
washed at four different rotational speeds viz. 20, 30, 40 and 50 rpm for 2 to 
10 minutes at 1 minute interval each. Tables 4.6 and 4.7 present the results 
of this study. 
Table 4.6: Parameters for performance evaluation of washer developed 
for root crops 
SI. No 
1. 
2. 
3. 
4. 
5. 
6. 
Parameters 
Power requirement, hp or kW 
Peripheral speed, m/sec 
RPM of Cylinder 
Capacity, q/h 
Cost of equipment, in Rs 
Cost of Operation, in Rs/q or Rs /h 
Specifications 
1 KW 
0.576 
55 
4-6 
Rs 50,000/-
Rs5/q 
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Table 4.7: Microbial washing efficiency and bruising percentage of chicory 
roots washed by the PAU washer 
Time Period 
(min) 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Microbial Washing 
Efficiency (%) 
20rpm 
40 
42 
47 
49 
53 
55 
58 
59 
62 
SOrpm 
45 
48 
52 
56 
63 
65 
69 
71 
79 
40 rpm 
62 
67 
74 
78 
95 
95 
95 
95 
95.8 
50 rpm 
75 
75 
76 
79 
93 
96 
96 
96 
96.2 
Bruising (%) 
20 
rpm 
0 
0 
0 
0 
0 
0 
0 
0 
0 
30 
rpm 
0 
0 
0 
0 
0 
0 
0 
0 
0 
40 
rpm 
0 
0 
0 
0 
0 
0 
0 
0 
0.8 
50 
rpm 
0 
0.5 
1.8 
2.1 
3.0 
3.9 
4.8 
5.5 
6.8 
The washing efficiency ranged between 95-96.2%. Washing in it reduced the 
surface microbial load by 5-8 times as compared to traditional method of washing. The 
maximum washing efficiency was found to be 96.2% at 50 rpm but there was 6.8% bruising 
of chicory roots. The optimum performance parameter for chicory root was found at 40 rpm 
for 6 minutes with microbial efficiency of 95 % and 0% bruising. The technical parameters 
used for "optimum performance values" were the minimum time, maximum microbial 
efficiency and minimum bruising. Time period and rpm affect the microbial washing (%) 
significantly whereas both time period and rpm affect bruising (%) insignificantly. The washer 
selected for the study seems to have better suitability than the existing over. Capacity can be 
increased according to the requirement by upscaling the size of existing machine. The cost 
of washing worked out to be approximately Rs 5/q and there was no mechanical damage to 
the roots. The equipment was found to be highly suitable for the washing of chicory roots 
after some minor modifications in unloading system. For industrial application in chicory 
processing, however, it needs be redesigned as a continuous unit. 
4.2.2 Slicer developed for other crops 
Chicory roots are not processed in the same form as they are harvested at farmers 
level. After washing, size reduction takes place takes place to make the cubes of 10 
mm size for uniform drying and roasting. For uniform slicing of the roots a vegetable 
slicer commercially available for other crops (M/s BS 
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Berry make) was tested. The slicer had a capacity of 5 q/hr and it could 
produce uniform sized slices of 6-10 mm with minor setting. The slicer for 
producing cubes has three sets of blades of different types to perform each 
operation. The initial operation is to slice the root forming a slab. This can be 
carried out with rotating straight blades. The slab is then cut into longitudinal 
strips to form an object similar to a French fry. A gang of rotating circular 
knives is used for this cut. The longitudinal slices are then cut into 10 cm 
cubes. The blades to do this are mounted in a cage with relative speeds of 
the cage and the slice determining the size of the dice. Figure 4.13 shows this 
vegetable slicer manufactured by M/s BS Berry, New Delhi while Figure 4.14 
shows the uniform sized cubes prepared by this vegetable slicer. 
Figure 4.13: Vegetable slicer manufactured by M/s BS Berry, New Delhi 
The portable vegetable slicing machine was made of stainless steel and is 
operated by electric power (1 h.p. motor). It is used for slicing of vegetables 
like carrot, radish, turnip etc. The machine consisted of a disc type blades 
separated by 10 mm distance. Rotating parts and moving belts were covered 
with guard for operational safety. 
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Figure 4.14: Uniform sized cubes 
The performance of the slicing machine was evaluated in terms of 
capacity, and percentage of standard size cubes/ slices, for graded chicory 
roots of different size and weight. Table 4.8 presents the average 
performance of this slicer. 
Table 4.8: Performance evaluation of chicory slicing machine for 
chicory roots 
SI. No 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Parameters 
Power requirement, hp or kW 
Average size of cubes / sliced, mm 
Yield of standard size cube/slices 
Losses during slicing, % 
Capacity, q/hr 
Cost of equipment, Rs 
Cost of Operation, In Rs/q 
1 hp 
10 mm cubes 
95 
5 
5 
Rs 80, 000/-
Rs 15/q 
It was observed that about 95% of the cubes obtained were of 
standard size. This could solve the problem of oversized and undersized 
cubes which usually create problems during drying and roasting process and 
could lead to high post harvest losses. 
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4.3 Studies on Drying Characteristics of Chicory 
Cubes 
studies were conducted to improve the traditional drying methods and 
to examine the effect of various drying methods viz. sun drying, solar drying, 
mechanical batch drying, continuous drying and fluidized bed drying on 
dehydration characteristic of chicory. Studies were also carried out to 
evaluate the quality of dried cubes in terms of reducing sugar, total sugars as 
invert sugar, sucrose, total sugars and browning index. Results of these 
studies are discussed below. 
4.3.1 Total drying time 
Preliminary studies indicated that the initial moisture content of fresh 
chicory cubes was in the range of 78±0.4% w.b. (or 354.54%, db). The 
experimental drying data are reported in appendices A-l to A-XIX. Table 4.9 
presents the average values of drying time in various methods of drying to 
reduce the moisture content to 11 ±1% suitable for further storage and 
roasting of cubes. 
Table 4.9 : The total drying time required to achieve desired final 
moisture content (11±1%) at various temperatures 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Drying Methods 
Traditional sun drying on white woven polyethylene sheet 
Improved sun drying on black woven polyethylene sheet 
Solar drying using poly solar dryer 
Electrically operated tray drying at 50°C 
Electrically operated tray drying at 60°C 
Electrically operated tray drying at 70°C 
Electrically operated tray drying at 80°C 
Continuous belt type dryer at 65 °C 
Fluidized bed drying at 70°C & air velocity 7.8 m/sec 
Fluidized bed drying at 70°C & air velocity 9.8 m/sec 
Fluidized bed drying at 70°C & air velocity 11.8 m/sec 
Drying 
time (min) 
2160-3600 
540-600 
540-600 
720 
600 
560 
420 
390 
120 
115 
100 
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12. 
13. 
14. 
15. 
16. 
17. 
18. 
19 
20. 
Fluidized bed drying at 75"C & air velocity 7.8 m/sec 
Fluidized bed drying at 75°C & air velocity 9.8 m/sec 
Fluidized bed drying at 75°C & air velocity 11.8 m/sec 
Fluidized bed drying at 80°C & air velocity 7.8 m/sec 
Fluidized bed drying at 80°C & air velocity 9.8 m/sec 
Fluidized bed drying at 80°C & air velocity 11.8 m/sec 
Fluidized bed drying at 85°C & air velocity 7.8 m/sec 
Fluidized bed drying at 85°C& air velocity 9.8 m/sec 
Fluidized bed drying at 85°C& air velocity 11.8 m/sec 
110 
105 
100 
105 
95 
95 
100 
90 
85 
It was noted that total drying time decreased by 41.66% with increase 
in temperature from 50°C to 70°C in electrical tray drying. The traditional sun 
drying on white woven polyethylene sheet took 2160 to 3600 minutes (36-60 
hours) depending upon ambient conditions to reach the final moisture content 
where as an improved method of sun drying on black polyethylene sheet and 
the solar drying took 540 to 600 minutes (9-10 hours) depending upon 
whether conditions. Among all the tested procedures of drying, the traditional 
sun drying took maximum time followed by other methods of drying to obtain 
the final moisture content. Solar, tray and fluidized bed drying had the 
advantage of checking contamination from dirt and dust. 
Equation of Regression for drying characteristics 
Data obtained for moisture content versus drying time for all drying 
methods except continuous belt drying fit to following exponential decay 
curve. 
M = ae''* 
Where, M = Moisture content (db)% 
t = Drying time (min) 
'a' and 'b' are the constants 
The fitness of curves were evaluated by R^  value and standard error 
for the experimental data. 
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4.3.2 Sun and solar drying 
The chicory cubes (10mm x 10mm x 10mm) were sun dried by 
traditional method on white woven polyethylene sheet as practiced by the 
farmers at their processing plant. To improve drying rate, white polyethylene 
sheet was replaced by black polyethylene sheet. The cubes dried on black 
polyethylene sheet required only about 30% drying time as compared to 
cubes dried on white woven polyethylene sheet in traditional method. In the 
month of May-June when the temperature varied from 30-41°C and relative 
humidity between 40-70%, the sun drying on traditional white sheet took 3-4 
days, whereas, on black sheet it was completed in one and half a day when 
all the samples were dried upto final moisture content of 11±1 % (db). It was 
also observed that when ambient temperature increased from 41 to 44°C, the 
sun drying on traditional white woven polyethylene sheet, took two days 
whereas drying over black polyethylene sheet took only one day (9 hours) to 
achieve final moisture content of 11+1 %(db). This is obvious as black colour 
sheet absorbs most of the solar radiation incident on it, greater increase in 
surface temperature obtained, whereas, the white colour sheet reflects back 
almost all the radiation. Because of this simple phenomena the drying on 
black polyethylene sheet took less time than traditional drying method on 
white sheet. 
The relationship between moisture content and dehydration time in sun 
and solar drying is shown in Figure 4.15(a). It is explicit that the moisture 
content decreased very rapidly during the initial stages of drying as compared 
to later part. This was due to the fact that during the initial stages of drying, 
there was fast removal of surface moisture from the product. This trend has 
been supported by earlier researcher also (Ahmed, 1997). In case of 
traditional sun drying, at the end of first day the moisture content was reduced 
to 77% (db) and remained constant overnight (14 hours). Next day samples 
were again dried to the final moisture content of 11±1% (db). In case of 
improved sun drying, using black polyethylene sheet, the moisture content of 
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the cubes became constant within a day after achieving the final moisture 
content of 11±1%(db). It was noted that temperature inside the poly solar 
dryer was 20±2°C higher than the ambient temperature. Elevated temperature 
inside the poly solar dryer was due to the phenomena of green house effect'. 
Transparent polyethylene sheet has high transmittance for short wave 
radiations which enter inside the greenhouse and increase the temperature 
however long wave thermal radiations are trapped as the polyethylene sheet 
has poor transmittance for them. This leads to thermal build-up inside the 
poly-house greatly increasing the inside temperature. Black polyethylene 
sheet further helps the solar absorption. The rate of drying was also affected 
by the cross ventilation. It was seen that ambient air velocity increased the 
drying process. In case of solar drying of chicory cubes the final moisture 
content of 11 ±1 %(db) was reached within one day (9 hours ) as shown in 
Figure 4.15. The moisture content decreased marginally faster in this case of 
the sun drying over black polyethylene sheet since the temperature inside the 
solar dryer was 20±2°C higher than that obtained in the sun drying method 
but the aeration was slower as compared to improved sun drying method. 
However, temperature were dominant over the aeration and therefore the 
moisture content decreased faster in case of solar drying as compared to 
improved sun drying. Among these method of drying traditional sun drying on 
white sheet took maximum time for the drying of chicory cubes a final 
moisture content of 11±1% (db). 
Figure 4.16 illustrates the relationship between drying rate and 
average drying time for chicory cubes. It was observed that in improved sun 
drying and solar drying method, the drying rate initially increased and then 
had both constant as well as falling rate periods whereas in case of traditional 
sun drying, the drying took place continuously in falling rate periods. 
The effect of drying methods on drying rate of chicory cubes is shown 
in Figure 4. 17 to Figure 4.19 which illustrate the relationship between drying 
rate and average moisture content for chicory cubes. It was observed that 
cubes did not have any constant rate period in case of both, sun drying and 
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poly solar drying methods. In Figure 4,18 and Figure 4.19, Initially the drying 
rate increased since the cubes had high moisture content. After drying for 2 
hours, the drying rate started decreasing continuously and remaining drying 
took place in falling rate period. However in case of traditional sun drying on 
white woven polyethylene sheet final moisture content could not be achieved 
in one day and drying stopped during night hours and again on next day it 
followed the same trend. Therefore the drying rate in traditional method 
followed zigzag path at latter part of drying. During night hours tampering of 
moisture in chicory cubes took place. Higher moisture remaining in the cubes 
at the end of first day drying facilitated the enzymatic inversion of inulin to 
reducing sugars which deteriorated the quality of chicory cubes. In Figures 
4.16, 4,21 and 4,30 to 4.33 the trend of drying rate changes due to change of 
falling rate period at a particular value of X-axis i.e. at the end of the first 
falling rate pehod and the initial stage of the second falling rate penod. 
The exponential decay curve, M = ae""' fit to the data obtained for sun 
and solar drying of chicory cubes. Table 4.10 shows experimental values of 
constants a' and 'b' and R^  values for fit curves of data obtained for sun and 
solar drying of chicory cubes. 
Table 4.10: The value of square of regression coefficient (R )^ and 
constants 'a' and 'b' for sun and solar drying of chicory cubes 
S. No. Drying niethod R^  a b 
Traditional sun drying on 0.8205149 293.006 01004 
white polyethylene sheet 
Improved sun drying on 0.986279 374.3131 0.3180 
black polyethylene sheet 
Solar drying 0.991028 369.5724 0,3586 
87 
1 
sz M 
9r ••^ 
s « 1 « 
0 
C ® O ^ 
1"5. 
Jf 8.-5 
fl> ^ 
11 
o S 
a>2. c g> t| 
CO 3 0 ) ^«^ >,.^ N.—* 
lil^«sfi 
o 5 -o 0 ) 0 ) 0 ) llliii 
1- ^ w -^ "5 XS 
S@S(S (S (S 
+ n 
(qp) % '}U0)UO3 ain)S|ov\| 
in 
CO 
o 
CO 
l O 
CM 
o 
CM 
i 
JO S 
c (D 
> 
O 
<D 
C (D 
>> 
x: 
a> 
>» 
o 
Q. 
a> 
• ^ 
!c $ 
c 
o 
C3» 
c 
2^  
C 
3 (0 
.^ 03 
C g 
' • 4 - * 
T3 (D 
1 -i 
® 
x: (0 
(D 
C 
<D 
>. 
x: 
4-« 0) 
>. 
o Q. 
JaC 
O (0 
n 
c 
o 
CO 
c 
T3 
c 3 (0 
T3 
(D 
> •« o (D 1-(D Q. 
•c: E 
( 0 . = + 
O) 
c 
• ^ 
Q 
^. CO 
o 
\ 
to 
to 
in 
IT) 
• CO 
ir> 
• oi 
m 
o ^ 
m 
• o 
9) 
E 
•a 
o> 
5 
(0 
a> 
3 O 
o 
o 
o 
o 
(0 
O) 
c 
c 
o 
10 
o 
c 
E 
O) 
c 
O 
lU 
3 
iZ 
)L|B!a/w Ajp io 6 ooi'/UjUJ/paAoujaj ja^eM 6 
'(d) 3)6^ 6u!^la 
89 
o 
lO 
CO 
lO 
CM 
CO 
o 
o CO 
lO 
OJ 
o 
i n 
CM 
lO 
CM 
CM 
o 
o 
CN 
• ^ 
o in 
^ 
LO 
eg 
o 
o 
in 
t-^  
o 
in 
<N 
"^^  
• D 
• ^ " ^ 
^ 
o^ 
•• 
c 
o 
u 
0) t-
B 0) 
"5 
E 
0) 
(0 
a> 
> 
< 
(0 
0) 
u 
1^  K 1 
O 
* -
o 
a> (0 
^ 
O) 
c 
"E 
•o 
c 
o 
c 
E 
T3 
c 
IS 
o 
4-* 
o i 
liJ 
Ni 
^ 
TT 
P 
iZ 
O) 
o 
CO 
o 
1^ 
o 
CD 
O 
in 
o 
t 
o 
CO 
o 
Cvj 
o 
m6|aM Ajp ^o 6 00l</i'!LU/p3AOUi3J ja^eM 6 
'(y) 9»By BujAjQ 
90 
o IT) 
CO 
i n 
CM 
CO 
o 
o 
CO 
i n 
h -
CM 
o 
in 
CM 
i n 
CM 
CM 
o 
o 
CM 
m 
t ^ 
~^ 
o 
in 
in 
CM 
o 
o 
m 
h -
o 
m 
m 
CM 
xi 
• D 
^ 
o^ 
* J 
c 
0) c 
o 
o 
Q> 
^ 3 
4-> (0 
"5 
E 
0) 
O) (0 
0) i 
o 
3 
o 
o 
o 
£ 
o 
o 
0) 
C9 
^ 
O) 
c E 
•o 
c 0 
O) 
c 
•a 
c 3 (/) 
•a 
> 
o 
a E 
o 
4- * 
u 
0) 
it 
LLi 
. a 
00 
3 
iZ 
00 
d 
CO 
CD s CM d 
^qBjaM ^lp jo 6 ooi,/u!Ui/paAOLuai ja)eM 6 
'(y)a;By BUIAJQ 
91 
o 
- U5 
CO 
m 
CM 
CO 
o 
- o CO 
m 
- h -
CSJ 
o 
- in 
CM 
in 
CM 
CM 
o 
- o CM 
lO 
t— 
~^ 
o 
- i n 
~^ 
i n 
- CM 
o 
- o 
T— 
i n 
h -
O 
i n 
i n 
" CM 
2* 
•o 
—^^  
^ 
o^ 
c 
o 
c 
o 
u 
0) 
^ 3 
tn 
"5 
E 
o 
ns 
0) 
> 
< 
0) 
0) n 
3 
o 
^ 
o 
u 
o 
4 -
o 0) 
•4-) 
re 
^ 
D) 
C 
•o 
c 
o 
D) 
c 
• • ^ 
^ 
•a 
k . 
re 
o 
(0 
1 ^ 
o 
4-I 
o 
o 
lU 
• • 
k. 
3 
O) 
U_ 
CM CO 
o 
CD 
CD d) CM CD 
;L |6 !3M Ajp ^o 6 00l</u>uj/peAOiii9J J3)eM 6 
'(y) 91By BUIAJQ 
92 
4.3.3 Tray Drying 
In tray drying the cubes were dried at 50°C, 60°C, 70 °C and 80 °C 
temperatures. The time taken for drying upto final moisture content of 11±1 % 
(db) at these temperatures were 12, 10, 8 and 7 hours, respectively. The 
effect of tray drying temperatures on dehydration behaviour of chicory cubes 
are shown in figures 4.20. Figure 4.21 illustrates the relationship between 
drying rate and average drying time for chicory cubes and Figure 4.22 to 
Figure 4.25 illustrates the relationship between drying rate and average 
moisture content for chicory cubes. It was observed that cubes did not have 
constant rate period and entire drying took place in falling rate (first and 
second) period only. 
Data obtained for tray drying at various drying temperatures also fit to 
the exponential decay curve. Table 4,11 shows experimental values of 
constants of the curves and R^  values for different drying conditions of tray 
dryer. 
Table 4.11: The value of square of regression coefficient (R )^ and 
constants 'a' and 'b' for various drying conditions of tray dryer 
S. No. 
1. 
2. 
3. 
4. 
Type of drying 
Tray drying at 50"C 
Tray drying at 50°C 
Tray drying at 50°C 
Tray drying at 50°C 
R^  
0.999316 
0.998650 
0.997877 
0,999245 
a 
351.3574 
353.6874 
359.5776 
356.4299 
b 
0.2772 
0.3220 
0.3809 
0.4690 
The above equations cleahy shows that the square of coefficient of 
regression value close nearer to 1 and found best fitting to experimental data. 
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4.3.4 Continuous belt type dryer 
Keeping in view the results of above experiments on drying of chicory 
roots, a continuous belt dryer [Figure 3.7(a)] was developed in the department 
of Post Harvest Engineering and Technology, Faculty of Agricultural 
Sciences, AMU, Aligarh. Its technical specifications are given in Table 3.5. 
The main construction feature by which continuous belt dryer differed has to 
do with direction of airflow relatives to materials movement. The drying air 
moves across the materials in opposite direction to the movement of product. 
The drying takes place in the dryer through counter flow of drying air. As a 
result of which, the drying of the product at its discharge end also continued 
even when the moisture content of the product was very low. The product 
underwent slight case hardening and shrinkage took place. This affected the 
quality of the dried products, though not to a considerable extent as the 
material was finally to be roasted. 
The drying capacity of such dher generally is stated in terms of weight of 
product dried from one moisture level to another per square meter of belt 
surface per hour (Potter and Hotchkiss, 1996). 
It takes only 6.5 hours to reduce the moisture content of chicory cubes 
from 78±1% to 30±1% without any qualitative deterioration. Table 4.12 
presents the results of performance evaluation of this dryer. 
Table 4.12: Performance evaluation of continuous dryer 
! S.No. 
1. 
2. 
3. 
14. 
i 5. 
I^-
7. 
Speed of belt, cm/min 
1.00 
1.30 
1.33 
1.54 
1.67 
1.72 
1.82 
Total Time, 
min 
710 
546 
533 
462 
426 
414 
391 
Capacity, 
kg/h 
10.75 
14.17 
14.50 
16.78 
18.16 
19.10 
19.84 
Moisture Content 
%, w.b. 
13.81 
14.24 
14.93 
21.10 
24.23 
28.17 
30.08 
- — ^ I \ i 
The capacity of the dryer does not match the requirement of 
processing plant and power consumption due to low heat utilization efficiency 
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power required for heating air was higher. Therefore, due to low capacity and 
high power consumption the continuous belt type dryer was not found suitable 
for drying of chicory cubes. 
4.3.5 Fluidized bed dryer 
As reported earlier experiments were conducted to study the fluidized 
bed drying of chicory cubes at different temperatures viz. 70°C, 75°C, 80°C 
and 85°C and at different air outlet velocities viz. 7.8m/sec, 9.8m/sec and 
11.8m/sec. 
The relationship between moisture content and drying time for drying 
temperature of 70°C at different outlet air velocities is shown in Figure 4.26. It 
is explicit that the moisture content decreased very rapidly during the initial 
stage of drying, as there was fast removal of surface moisture from the 
product. The initial moisture content of the chicory cubes was 354.54% (db). 
At 70°C temperature and air velocity of 7.8 m/sec, the moisture content 
reduced to 25.1 % (db) in drying time of 100 minutes and at the same 
temperature when air velocities were 9.8 m/sec and 11.8 m/sec, the moisture 
content reduced to 20.73 and 16.77 % (db), respectively in 95 minutes. 
The relationship between moisture content and drying time for drying 
temperature of 75°C at different air velocities is shown in Figure 4.27. At 75°C 
temperature for air velocity 7.8 m/sec, the moisture content reduced to 22.36 
% (db) in 100 minutes drying time and at the same temperature when air 
velocities were 9.8 m/sec and 11.8 m/sec, the moisture content reduced to 
21.91% and 15.6 % (db) in 95 and 90 minutes, respectively. 
The relationship between moisture content and drying time for drying 
temperature of 80°C at different outlet air velocities is shown in Figure 4.28. 
At temperature of 80°C for air velocity 7.8 m/sec, the moisture content 
reduced to 21.73 % (db), in of 95 minutes and at the same temperature when 
air velocities were 9.8 m/sec and 11.8 m/sec, the moisture content reduced to 
17.4% and 13.73% (db), respectively in 95 minutes. 
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The relationship between moisture content and drying time for drying 
temperature of 85°C at different outlet air velocities is shown in Figure 4.28. 
At 85°C temperature for air velocity of 7.8 m/sec, the moisture content 
reduced to 20.18 % (db) drying time 95 minutes and at the same temperature 
when air velocities were 9.8 m/sec and 11.8 m/sec, the moisture content 
reduced to 15.32% and 13.68% (db) in 90 and 85 minutes, respectively. 
ANOVA for drying time revealed that drying temperature and air velocity 
affect insignificantly. 
This clearly shows that higher the velocity of drying air more is 
reduction in time at a given temperature. The effect of air velocities on drying 
rate for different temperatures is shown in Figure 4.30 to Figure 4.33. Drying 
rate versus average time curves that entire drying process took place in the 
falling rate period. The drying rate decreased with the decrease in the 
moisture content at all drying temperatures. 
The exponential decay curve, M = ae"''^  fit to the data obtained for 
fluidized bed drying at all combinations of selected air temperature and outlet 
air velocities. Table 4.13 shows R^  as well as 'a' and 'b' values of fitting 
curves. 
Table 4.13: The value of square of regression coefficient (R )^ and 
constants 'a' and 'b' for fluidized bed drying of chicory cubes 
SNo 
1. 
2. 
3. 
Type of drying 
Fluidized bed drying at 70"C, 
air velocity 7.8 m/sec 
Fluidized bed drying at 70°C, 
air velocity 9.8 m/sec 
Fluidized bed drying at 70°C, 
air velocity 11.8 m/sec 
R' 
0.989374 
0.990975 
0.994038 
a 
344.9987 
344.62 
345.0024 
b 
0.0344 
0.0384 
0.0450 
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T rpiuidized bed drying at 75"C, : 0,989108^ 346^274 0.0394 
air velocity 7.8 m/sec 
5. Fluidized bed drying at 75°C, 0.989999 1 345.78745 0.0432 
air velocity 9.8 m/sec 
6. ; Fluidized bed drying at 75°C, ; 0.991650 340.5691 0.0479 
' i 
air velocity 11.8 m/sec 
7. Fluidized bed drying at 80°C, ; 0.987462 i 344.2841 0.0436 
air velocity 7,8 m/sec 
I 
I 
8. ' Fluidized bed drying at 80°C, i 0.993250 ] 343.5274 0,0478 
air velocity 9.8 m/sec 
9. i Fluidized bed drying at 80°C, I 0.992805 | 342.9869 0.0530 
I air velocity 11.8 m/sec 
1 
10. Fluidized bed drying at 85°C, 0.987416 | 338,9943 0,0463 
air velocity 7.8 m/sec ' 
11. I Fluidized bed drying at 85°C, ^ 0.992130 i 342,6528 0.0528 
air velocity 9.8 m/sec \ 
12. ' Fluidized bed drying at 85°C, i 0.992017 i 343,729 0.0578 
! 
air velocity 11.8 m/sec 
The above equations clearly show that the values square of coefficient 
of regression (R^) are close to 1 and found fitting to expehmental data. 
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4.3.6 Quality evaluation of dried chicory cubes 
Investigations showed tiiat the quality of the chicory cubes dried under the solar 
dryer and those in fluidized bed dryer at drying temperature of 80°C were the best 
amongst all methods selected for drying. Among the natural drying i.e. traditional sun 
drying on white woven polyethylene sheet, improved sun drying on black polyethylene 
sheet and solar dying methods, it was observed that the solar drying produced the 
cubes which had minimum amount of reducing sugars, total sugars as invert sugar, 
sucrose, total sugars and browning index. The values were 2.425, 8.008, 5.303, 7.728 
and 0.027, respectively as shown in Figure 4.34. ANOVA for sugars and browning 
index revealed that the sugars like reducing sugars, total sugars as invert sugar, 
sucrose, total sugars and browning index vary significantly. Results of drying of chicory 
cubes in mechanical tray drying, continuous belt dryer and fluidized bed dryer show 
that amongst all methods of drying the chicory cubes dried in fluidized bed dryer at 80 
°C air temperature and 11.8 m/sec air velocity had minimum amount of reducing 
sugars, total sugars as invert sugar, sucrose, total sugars and browning index were 
estimated as 1.814, 6.988, 4.889 and 6.730 and 0.010, respectively (Figure 4.34). The 
chicory cubes should be preferably dried at 60-70°C in tray drier for better quality. 
Sporadic rain and dusty storm during the months of May-June, adversely affect the 
quality and ferment the dried products. Installing the solar dryers at the farmer's filed 
by small investment may solve all these problems. The quality of chicory cubes dried 
over black sheet was also found to be a better option. The chicory cubes dried in 
fluidized bed dryer at air temperature of 80 °C and air velocity of 11.8m/sec to desired 
moisture content 13.68 % (db) took 95 minutes only. 
The cubes dried in the Department of Post Harvest Engineering and 
Technology, AMU, Aligarh had better quality than those collected from the processing 
plant. It was due to the lack of proper attention being paid to hygienic processing of 
chicory. Roots were not washed properly and reuse of contaminated water for washing 
did not remove soil particles completely from roots, open sun drying in drying yards 
further contaminated the cubes. Besides that slow rate of drying under the sun 
encouraged enzymatic activity for longer duration. The view of samples (Figure 4.35 to 
4.42) obtained in different drying methods indicates differences in colour due to 
browning. 
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Figure 4.35: Comparison of traditionally sun dried, improved sun 
dried and solar dried chicory cubes (L to R) 
Figure 4.36: Comparison of mechanical tray dried chicory cubes at 
various air temperature viz. 50°C, 60°C, 70°C, 80°C (L to R) 
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Figure 4.37: Comparison of fluidized bed dried chicory cubes at air 
temperature 70°C and outlet air velocities of 11.8m/sec, 
9.8 m/sec and 7.8m/sec (L to R) 
Figure 4.38: Comparison of fluidized bed dried chicory cubes at air 
temperature 75°C and outlet air velocities of 11.8m/sec, 
9.8 m/sec and 7.8m/sec (L to R) 
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Figure 4.39: Comparison of fluidized bed dried chicory cubes at air 
temperature SO^ C and outlet air velocities of 11.8m/sec, 
9.8 m/sec and 7.8m/sec (L to R) 
Figure 4.40: Comparison of fluidized bed dried chicory cubes at air 
temperature 85°C and outlet air velocities of 11.8m/sec, 
9.8 m/sec and 7.8m/sec (L to R) 
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Figure 4.41: Comparison of continuous belt type dried chicory cubes 
Figure 4.42: Comparison of traditionally sun dried and fluidized bed 
dried chicory cubes (L to R) 
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4.4 Studies on Product Diversification 
As described earlier, the chicory roots are presently used as coffee 
additive or as its substitute (to a limited extent) only. The literature survey 
shows that it could be utilized as valuable source of inulin which could be 
latter used in preparation of various food products. It could also be used to 
develop different types of food products viz. salads, beverages and pickles. 
Such diversified uses need to be explored to boost economic value of chicory 
roots. 
Keeping in view this aspect of product diversification, efforts were made 
in the present investigation to develop pickles of 240 days mature crop when 
surplus amount of chicory roots are available after harvesting. The pickles 
were developed in oil, vinegar, salt and combination (oil-spice-vinegar) 
pickling mediums for which the levels of ingredients were optimized. The 
various physico-chemical (moisture content, pH, acidity, fat, protein, and ash 
content), microbial, textural and sensory characteristics of fresh pickles were 
evaluated using standard methods. The various sensory quality attributes of 
developed pickles were evaluated. 
The developed pickles (Figure 4.43) were packed in two different 
packaging materials namely glass and PET (Polyethylene terephthalate) jars 
and stored under ambient conditions (Figure 4.44 and Figure 4.45) to study 
their shelf life. The storage period of 12 months (temperature 25-40°C, R.H. 
30-85%) was considered to optimize the safe storage period during which the 
various quality attributes of pickles were continuously monitored at an interval 
of three months. The results of these studies are presented in following 
sections. 
4.4.1 Development of chicory pickles 
Several trails were made to optimize the level of ingredients to 
be used as pickling medium, initially some ingredients and their level were 
selected randomly based on literature available with respect to pickles of 
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vegetables/fruits but when tested for organoleptic/properties these pickles 
were not upto the mark. Therefore some other levels of ingredients were 
randomly selected and depending upon the sensory characteristics of fresh 
chicory pickles, they were standardized as shown in Table 4.14. Table 4.15 
presents the physico-chemical characteristics of fresh chicory pickles. 
Table 4.14: Ingredients and their levels for chicory pickles 
Ingredients 
Sample (Chicory Slices) 
Fenugreek 
Salt 
Turmeric 
Clove 
Black pepper 
Cumin 
Cardomin 
Aniseed 
Asafoetide 
Red chilli 
Mustard oil 
Cinnamon 
Vinegar 
Jaggery 
Onion (chopped) 
Garlic 
Ginger 
Mustard (ground) 
Tamarind pulp 
Salt 
Pickle 
200 g 
2g 
40 g 
-
0.5 g 
2g 
3g 
2g 
-
i g 
2g 
-
2g 
-
-
-
-
-
-
-
Oil 
Pickle 
200 g 
5g 
30 g 
3g 
0.5 g 
3g 
3g 
3g 
3g 
0.4 g 
2g 
70ml 
i g 
-
-
-
-
-
-
-
Vinegar 
Pickle 
200 g 
-
40 g 
-
0.5 g 
2g 
2g 
-
2g 
-
-
-
-
150ml 
-
-
-
-
-
-
Combination 
(salt-oil-vinegar) 
Pickle 
200 g 
4g 
40 g 
3g 
0.5 g 
2g 
3g 
2g 
2g 
-
2g 
40 g 
2g 
20ml 
40 g 
10g 
2g 
4g 
10g 
20 g 
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Table 4.15: Physjco-Chemical Characteristics of Fresh PicJcles 
SI 
No 
1 
2 
3 
4 
Type of 
Pickle 
Salt 
Vinegar 
Oil 
Combination 
Moisture 
Content, % 
66.23±0.75 
75.11±0.84 
61.80±0.47 
63.41 ±0.63 
Acidity, 
% 
0.21±0.01 
0.74±0.01 
0.43±0.01 
0.56±0.01 
PH 
6.02±0.01 
4.22±0.01 
6.22±0.02 
4.22±0.02 
Values indicated are means ± standard deviation o 
Fat, 
% 
0.52±0.01 
0.32±0.01 
16.17±0.05 
12.20±2.32E-07 
Protein, 
% 
1.97±0.01 
1.96±0.01 
2.25±0.01 
2.42±0.01 
F three replications 
Ash, 
% 
1.88±0.07 
1.83±0.3 
2.35±0.5 
2.44±0.02 
Combination (oil-salt-vinegar) base 
Figure 4.43: Chicory Pickles 
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Figure 4.44: Chicory picldes pacl(ed in Glass jars 
Figure 4.45: Chicory picldes paclced in PET (Polyethylene terephthalate) 
jars 
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4.4.2 Effect of packaging materials, preparation of pickles and storage 
period on physico-chemical characteristics of Chicory pickles 
4.4.2.1 Moisture Content 
The measured values of moisture content of chicory pickles just after 
preparation (fresh) and during storage (at three months interval) are reported 
in Table 4.16. Results of the study reveled that there is a significant loss of 
moisture with storage period irrespective of the type of packaging materials 
and methods. Initially, moisture content for fresh salt, vinegar, oil and 
combination chicory pickles were 66.23%, 75.11%, 61.80% and 63.41%, 
respectively. In case of salt based chicory pickle packed in glass jar moisture 
loss was found to be maximum (8.93%) and minimum (4.51%) for oil based 
chicory pickles packed in glass jar after one year. ANOVA for storage period 
and packaging materials for salt-based pickles (Table 4.17) and oil based 
pickles (Table 4.19) indicate that moisture varies significantly during storage. 
This showed that pickling medium significantly affected the moisture content 
of developed pickles. In case of chicory pickle packed in PET jar moisture 
loss was found to be maximum (9.27%) for salt pickle and minimum (4.52%) 
for oil based pickles packed in PET jar after one year. Between two 
packaging materials, glass jar had better moisture retaining capacity. This 
may be because of the different barrier properties of glass water vapour. It 
can be seen clearly from the Table 4.13 that glass jar packed samples 
exhibited better results than those of PET jar packed sample. The loss of 
moisture may be attributed to the evaporation of moisture from chicory pickle 
during storage at room temperature (Rao and Roy, 1980) and its 
hygroemissive properties. 
ANOVA for moisture content of salt, vinegar, oil and combination 
based chicory pickles are reported in Tables 4.17 to 4.20. 
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Table 4.16: Effect of packaging materials (Glass and PET jars) and 
storage on moisture content (%) of salt, vinegar, oil and combination 
(salt-vinegar-oil) based chicory pickles 
Packaging Storage period (In Months) 
Salt 
Vinegar 
1 Materials 
Glass 
PET 
Glass 
Fresh 
66.23±0.75 
66.23±0,75 
75.1U0.84 
3 
60.84±0.63 
61.86±0.58 
77.97±0.86 
6 
58.74±0.19 
60.04±1.77 
78.85±0.54 
9 
57.46±0.35 
58.48±1.35 
79.30±0.34 
12 
57.30±0.26 
56.96±0.49 
79.30±0.17 
Oil 
i PET 
Glass 
1 PET 
75.11±0.84 
61.80±0.47 
61.80±0.47 
76.73±0,35 
59.25±0.20 
60.70±0.57 
77.30±0.22 
59.84±0.01 
59.79±0.06 
78.6310.59 
57.63±0.61 
58.36l0.44 
78.9410.50 
57.2910.18 
57.2810.44 
Combin-
ation 
Glass 
PET 
63.41+0.63 
63.41l0.63 
! 60.8410.56 
1 61.5210.69 
58.3210.18 
60.70l0.52 
57.5610.21 
1 59.1110.04 
57.3510.26 
! 58.35l0.39 
Values indicated are means ± standard deviation of three replications 
ANOVA (Table 4.17) for moisture content of salt based chicory pickle 
revealed that the effects of storage and packaging were highly significant at 
5% and 1 % level of significance whereas the interaction of both storage and 
packaging was insignificant. The salt based chicory pickle packed in glass jar 
had significant change in moisture content upto nine months and after that 
change in moisture content was insignificant. The salt based chicory pickle 
packed in PET jar had significant change in moisture content upto six months 
and after that change in moisture content was insignificant. 
ANOVA (Table 4.18) for moisture content of vinegar based chicory 
pickle revealed that the effect of storage and packaging were highly 
significant at 5% and 1% level of significance whereas the interaction effect 
was significant at 5% level of significance. The vinegar based chicory pickle 
packed in glass jar had significant change in moisture content upto six 
months and after that change in moisture content was insignificant. The 
vinegar based chicory pickle packed in PET jar had significant change in 
moisture content upto nine months and after that change in moisture content 
was insignificant. 
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Table 4.17: ANOVA for moisture content of salt based chicory picl<le 
Source 
Replication 
Storage Period 
Packaging 
Interaction of 
period X packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
3.9266 
271.73 
9.4753 
3.2141 
10.601 
298.95 
Mss 
1.9633 
67.9325 
9.47532 
0.80352 
0.5889 
Fcal 
3.3336 
115.35 
16.089 
1.3644 
F-table 5% 
2.93 
4.41 
2.93 
F-table1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.7211; CD. = (1 %) 0.9877 and 
Packaging CD. (5%) = 0.9309; CD. = (1%) 1.2752 
Table 4.18: ANOVA for moisture content of Vinegar based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of period 
& packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
4.2666 
63.4226 
4.3625 
2.3964 
2.4903 
76.9383 
mss 
2.1333 
15.8557 
4.3625 
0.59909 
0.13835 
Fcal 
15.4197 
114.6063 
31.5323 
4.33032 
F-table 5% 
2.93 
4.41 
2.93 
F-
table1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.349485; CD. (1%) = 0.478733 and 
Packaging CD. (5%) = 0.451184; CD. (1%) = 0.618042 
ANOVA (Table 4.19) for moisture content of oil based chicory pickle 
revealed that the effect of storage and packaging were highly significant at 
5% and 1% level of significance, and the interaction of both storage and 
packaging was also significant at 5% and 1% level of significance. The oil 
based chicory pickle packed in glass jar had significant change in moisture 
content upto nine months and after that change in moisture content was 
insignificant. The vinegar based chicory pickle packed in PET jar had 
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significant cliange in moisture content upto nine months and after tliat change 
in moisture content was not significant. 
Table 4.19: ANOVA for moisture content of oil based chicory pickie 
Source df ss mss Fcal F-table 5% F-table1% 
Replication 1.0349 0.5175 4.2943 
Storage period 64.8921 16.2230 134.6306 2.93 4.58 
Packaging 2.91408 2.91408 24.1832 4.41 8.28 
Interaction of 
period & packaging 2.5259 0.6315 5.2405 2.93 4.58 
Error 18 2.1690 0.1205 
Total 29 73.5361 
Storage CD. (5%) = 0.326163; CD. (1%) =0.446786 and 
Pacl<aging CD. (5%) = 0.4210752; CD. (1%) =0.5767988 
ANOVA (Table 4.20) for moisture content of combination chicory pickle 
revealed that the effect of storage and packaging and their interaction were 
highly significant at 5% and 1% level of significance. The combination based 
chicory pickle packed in glass jar had significant change in moisture content 
upto nine months and after that change in moisture content was insignificant. 
The combination based chicory pickle packed in PET jar had significant 
change in moisture content upto one year. 
Table 4.20: ANOVA for moisture content of combination based chicory 
pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period & packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.9810 
123.8599 
9.46408 
4.8467 
3.31841 
142.4701 
mss 
0.4905 
30.9650 
9.46410 
1.2117 
0.1844 
Fcal 
2.6606 
167.9627 
51.33583 
6.5725 
F-table 5% 
2.93 
4.41 
2.93 
F-table1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.403432; CD. (1%) = 0.52263 and 
Packaging CD. (5%) = 0.5208281; CD. (1%) = 0.7134428 
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4.4.2.2 Total acidity 
The obtained values of total acidity at an interval of 3 months during 
storage for one year are tabulated in Table 4.21. Initially, acidity for fresh salt, 
vinegar, oil and combination pickles packed in glass and PET jar were found 
to be 0.21%, 0.74%, 0.43%, 0.56%, respectively, which increased to be 
maximum level of 0.98%, 1.68%, 0.79% and 1.32% and 0.93%, 1.52%, 
0.91%, 1.38% for chicory pickles packed in glass and PET jar respectively. It 
clearly shows that acidity had increased during storage period irrespective of 
the type of packaging materials and methods. 
Table 4.21: Effect of packaging materials (Glass and PET jars) and 
storage on acidity content (%) of salt, vinegar, oil and combination (salt-
vinegar-oil) based chicory pickles 
Salt 
Vinegar 
Oil 
Combin-
ation 
Packaging 
Materials 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Storage period (In Months) 
Fresh 
0.21±0.01 
0.21±0.01 
0.74±0.01 
0.74±0.01 
0.43±0.01 
0.43±0.01 
0.56±0.01 
0.56±0.01 
3 
0.72±0.01 
0.69±0.02 
1.33±0.01 
1.29±0.06 
0.73±0.01 
0.83±0.02 
0.83±0.01 
0.85±0.02 
6 
0.87±0.01 
0.85±0.02 
1.52±0.01 
1.48±0.01 
0.76±0.01 
0.87±0.01 
1.15±0.01 
1.23±0.05 
9 
0.97±0.01 
0.89±0.01 
1.65±0.03 
1.51±0.01 
0.78±0.006 
0.89±0.006 
1.18±0.04 
1.23±0.01 
12 
0.98±0.01 
0.93±0.01 
1.68±0.00 
1.52±0.01 
0.79±0.01 
0.91±0.02 
1.32±0.07 
1.38±0.05 
Values indicated are means±standard deviation of three replications 
In case of vinegar based pickle acidity was maximum (0.74%). The 
change in acidity for salt based pickle packed in glass jar was found 
maximum (0.77%) whereas for oil based chicory pickle packed in glass jar 
was found minimum (0.36%). From present investigation, final conclusions 
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regarding mode of packaging could not be drawn since increase in acidity of 
chicory pickle randomly varied. Reasons for increase in total acidity may be 
attributed to the loss of moisture resulting in concentration of the product 
during storage (Namjundaswamy et al., 1976; Rao and Roy, 1980; Mir and 
Nath, 1993). 
ANOVA for acidity of salt, vinegar, oil and combination based chicory 
pickles are reported in Tables 4.22 to 4.25. 
ANOVA (Table 4.22) for acidity of salt based chicory pickle revealed that the 
effect of storage, packaging and interaction of both storage and packaging 
were highly significant at 5% and 1% level of significance. The salt based 
chicory pickle packed in glass and PET jar had significant change in acidity 
during one year storage. 
Table 4.22: ANOVA for acidity of salt based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
interaction of 
period & packaging 
Error 
Total 
Storage CD. (57 
df 
2 
4 
1 
4 
18 
29 
3) = ( 
ss 
0.0002 
2.2732 
0.01045 
0.0071 
0.00199 
2.2910 
D.009888; ( 
mss 
0.0001 
0.5683 
0.0105 
0.00178 
0.0001 
:.D. (1%) = 
Fcal 
0.9331 
5131.851 
94.3946 
16.0585 
0.012765 ar 
F-table 5% 
2.93 
4.41 
2.93 
Id 
F-table1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.013544; CD. (1%) = 0.0174557 
ANOVA (Table 4.23) for acidity of vinegar based chicory pickle 
revealed that the effect of storage, packaging and interaction of both storage 
and packaging were highly significant at 5% and 1% level of significance. The 
vinegar based chicory pickle packed in glass and PET jar had significant 
change in acidity content during storage for one year. 
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Table 4.23: ANOVA for acidity of vinegar based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of period 
& packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.0011 
3.10311 
0.0433 
0.02811 
0.00835 
3.1839 
mss 
0.000523 
0.775778 
0.04332 
0.007028 
0.000464 
Fcal 
1.1277 
1671.669 
2 
93.3472 
15.1448 
F-table 5% 
2.93 
4.41 
2.93 
F-table1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.020241; CD. (1%) = 0.027727 and 
Packaging CD. (5%) = 0.0261312; CD. (1%) = 0.035795 
ANOVA (Table 4.24) for acidity of oil based chicory pickle revealed that 
the effect of storage, packaging and interaction of both storage and 
packaging were highly significant at 5% and 1% level of significance. The oil 
based chicory pickle packed in glass and PET jar had significant change in 
acidity upto nine months storage and after nine month storage pickle packed 
in glass and PET jar change in acidity is insignificant at 1% level of significant. 
Table 4.24: ANOVA for acidity of oil based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of period 
& packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.0007 
0.7533 
0.05633 
0.0144 
0.00119 
0.826 
mss 
0.00037 
0.1883 
0.0563 
0.00361 
6.63E-05 
Fcal 
5.5810 
2840.6564 
849.7207 
54.4274 
F-table 
5% 
2.93 
4.41 
2.93 
F-table1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.00765; CD. = (1%) 0.01048 and 
Packaging CD. (5%) = 0.0098767; CD. = (1%) 0.013529 
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ANOVA (Table 4.25) for acidity of combination chicory pickle revealed 
that the effect of storage and packaging were highly significant at 5% and 1% 
level of significance whereas the interaction of both storage and packaging 
was insignificant. The combination chicory pickle packed in glass and PET jar 
had significant change in acidity content during storage for one year. 
Table 4.25: ANOVA for acidity of combination based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of period 
& packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.0059 
2.5104 
0.012 
0.0062 
0.01961 
2.5542 
mss 
0.0030 
0.6276 
0.012 
0.00156 
0.00109 
Fcal 
2.7206 
576.1760 
11.0167 
1.43064 
F-table 5% 
2.93 
4.41 
2.93 
F-table1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.03101; CD. (1%) = 0.042479 and 
Packaging CD. (5%) = 0.0400342; CD. (1%) = 0.0548396 
4.4.2.3 pH 
The measured values of pH of chicory pickle just after preparation 
(fresh) and during storage (three months interval) are reported in Table 4.26. 
Results of the study reveled that that pH decreased invariably during storage 
irrespective of the type of packaging materials and methods. Initially, pH 
values for fresh salt, vinegar, oil and combination chicory pickles were 6.02, 
4.22, 6.22, 4.22, respectively which decreased to minimum level of 3.03, 3.32, 
4.96 and 3.72 and 3.18, 3.39, 4.87 and 3.57 respectively for chicory pickles 
packed in glass and PET jar. In case of oil based chicory pickle packed in 
glass jar, pH was found to be maximum (4.96) and minimum (3.03) for salt 
based chicory pickles packed in glass jar after one year. In case of salt based 
chicory pickle packed in glass jar pH change was found to be maximum 
(2.99) and minimum (0.5) for combination pickle packed in glass jar after one 
year. It was explicit that pH decreased invariably during storage upto 9 
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months and then become almost constant for next three months. The 
decrease in pH may be attributed to increase in acids and conversion of 
sugars to acids. 
Table 4.26: Effect of packaging materials (Glass and PET jars) and 
storage on pH of salt, vinegar, oil and combination (salt-vinegar-oil) 
based chicory pickles 
Salt 
Vinegar 
Oil 
Combin-
ation 
Packaging 
Materials 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Storage period (In Months) 
Fresh 
6.02±0.01 
6.02±0.01 
4.22±0.01 
4.22±0.01 
6.22±0.02 
6.22±0.02 
4.22±0.02 
4.22±0.02 
3 
5.38±0.06 
5.50±0.27 
3.99±.07 
3.94±0.07 
5.61±0.07 
5.46±0.14 
4.05±0.05 
4.01±0.02 
6 
3.55±0.41 
3.47±0.49 
3.76±0.21 
3.66±0.30 
5.37±0.22 
5.65±0.26 
3.90±0.08 
3.81±0.09 
9 
3.28±0.42 
3.37±.59 
3.43±0.44 
3.38±0.78 
5.07±0.35 
4.98±0.43 
3.77±0.13 
3.65±0.30 
12 
3.03±0.08 
3.18±0.04 
3.32±0.44 
3.39±0.72 
4.96±0.13 
4.87±0.28 
3.72±0.15 
3.57±0.29 
Values indicated are mean ± standard deviation of three replications 
ANOVA for pH of salt, vinegar, oil and combination based chicory 
pickles are reported in Tables 4.27 to 4.30. 
ANOVA (Table 4.27) for pH of salt based chicory pickle revealed that 
the effect of storage was highly significant at 5% and 1% level of significance 
whereas packaging and interaction of both storage and packaging were 
insignificant at 5% and 1% level of significance. The salt based chicory pickle 
packed in glass and PET jar had significant change in pH upto one six month 
storage and after that change in pH was insignificant. 
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Table 4.27 : ANOVA for pH of salt based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of period 
& packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
1.2066 
43.6030 
0.0235 
0.0516 
1.10385 
45.9886 
mss 
0.6033 
10.9007 
0.0235 
0.0129 
0.0613 
Fcal 
9.83794 
177.7542 
0.3835 
0.2105 
F-table 5% 
2.93 
4.41 
2.93 
F-table1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.23268; CD. = (1%) 0.318731 and 
Packaging CD. (5%) = 0.3003887; CD. = (1%) 0.4114796 
ANOVA (Table 4.28) for pH of vinegar based chicory pickle revealed 
that the effect of storage was significant at 5% and 1% level of significance 
whereas the packaging and interaction of both storage and packaging was 
insignificant. The vinegar based chicory pickle packed in glass jar has 
insignificant change at 1% level of significance in pH during storage at the 
interval of 3 months. The vinegar salt based chicory pickle packed in PET jar 
had significant change in pH during 9 months storage at 5% level of 
significance only where as it had in significant change during storage at 1% 
level of significance. 
ANOVA (Table 4.29) for pH of oil based chicory pickle revealed that 
the effect of storage was significant at 5% and 1% level of significance 
whereas and interaction of both storage and packaging was insignificant. The 
pH of oil based chicory pickle packed in glass jar had insignificant change 
during 9 months storage. Initially change in pH for oil based chicory pickle 
packed in PET jar has insignificant for first three months and after that change 
in pH was significant. 
ANOVA (Table 4.30) for pH of combination chicory pickle revealed that 
the effect of storage was highly significant at 5% and 1% level of significance 
whereas packaging and interaction of both storage and packaging were 
insignificant. The combination chicory pickle packed in glass and PET jars 
had insignificant change in pH during one year storage. 
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Table 4.28: ANOVA for pH of vinegar based chicory pickle 
Source df ss mss Fcal F-table 5% F-table1% 
Replication 1.5558 0.7779 7.8985 
Storage period 3.2165 0.8041 8.16472 2.93 4.58 
Packaging 0.0053 0.0053 0.05415 4.41 8.28 
Interaction of period 
& packaging 0.02857 0.0071 0.07251 2.93 4.58 
Error 18 1.7728 0.09849 
Total 29 6.579 
Storage CD. (5%) = 0.2294871; CD. (1%) = 0.403921 and 
Packaging CD. (5%) = 0.380677; CD. (1%) = 0.5214604 
Table 4.29: ANOVA for pH of oil based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of period 
& packaging 
Error 
Total 
Storage CD. (5^ 
df 
2 
4 
1 
4 
18 
29 
/o) = ( 
ss 
0.2761 
6.04971 
0.0046 
0.1840 
0.8477 
7.3621 
D.193589;( 
mss 
0.1381 
1.5124 
0.0046 
0.0460 
0.0471 
:.D. (1%) = 0 
Fcal 
2.9317 
32.1158 
0.0969 
0.9769 
265184 ar 
F-table 5% 
2.93 
4.41 
2.93 
)d 
F-table1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.249923; CD. (1%) = 0.3423505 
Table 4.30: ANOVA for pH of combination based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period X packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.23233 
2.31198 
0.04485 
0.01978 
0.23761 
2.84655 
mss 
0.11616 
0.57799 
0.04485 
0.00495 
0.0132 
Fcal 
8.80001 
43.7863 
3.39789 
0.37462 
F-table 5% 
2.93 
4.41 
2.93 
F-table1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.107953; CD. 
Packaging CD. (5%) = 0.1392665; CD. 
(1%) 0.147876 and 
(1%) 0.1909076 
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4.4.2.4 Fat Content 
The measured values of fat content just after preparation and during 
storage (at three months interval) are reported in Table 4.31. Results of the 
study reveled that there is a loss of fat with storage period irrespective of the 
type of packaging materials and methods. Initially, fat content for fresh salt, 
vinegar, oil and combination chicory pickles were 0.52%, 0.32%, 16.17% and 
12.20%, respectively. In case of oil based chicory pickle fat content was found 
to be maximum (14.28%) and minimum (0.29%) for vinegar based chicory 
pickles after one year. ANOVA for storage period for oil-based chicory pickles 
(Table 4.34) indicate that fat content vanes significantly during storage. This 
showed that pickling medium significantly affected the fat content of 
developed pickles. In case of combination based chicory pickle packed in 
PET jar fat loss was found to be maximum (2.04%) and minimum (0.03%) for 
vinegar pickle packed in glass jar after one year. 
Table 4.31: Effect of packaging materials (Glass and PET jars) and 
storage on Fat content (%) of salt, vinegar, oil and combination (salt-
vinegar-oil) based chicory pickles 
Packaging 
Materials 
Storage period (In Months) 
Fresh 12 
Salt Glass 0.52±0.01 0.51±0.01 : 0.49±0.1 0.49±0,01 ^ 0.48±0,01 
PET 0.52±0,01 0,51±0.01 0.50±0.01 0.49±0.01 0.48±0.01 
Vinegar Glass 0.32±0.01 0.31±0.01 0.30±0.01 0.30±0.01 0.29±0.01 
PET 0.32±0.01 0,31±0.01 ! 0.30±0.01 I 0.29±0.01 ' 0.28±0.01 
Oil Glass 16.17±0.05 15.87±0.16 ' 15.07±0,15 1 14.73±0,05 ' 14.28±0,28 
PET 16.17±0,05 15,77+0.05 15.13±0.05 ' 14.70±0.10 14.30±0.35 
Comb- Glass 12.20±2,38E-07 11.80±0,02 11,18±0.13 ^ 10.09±0.02 10.20±0,11 
•nation PET 12.20±2.38E-07 i 11.74±0.03 > 11.18±0.15 10.01±0.02 ' 10,16±0,15 
Values indicated are mean ± standard deviation of three replications 
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ANOVA for fat content of salt, vinegar, oil and combination based 
chicory pickles are reported in Tables 4.32 to 4.35. 
ANOVA (Table 4.32) for fat content of salt based chicory pickle 
revealed that the effect of storage was highly significant at 5% and 1% level 
of significance whereas the packaging and interaction of both storage and 
packaging were insignificant. The salt based chicory pickle packed in glass jar 
had significant change in moisture content upto six months and after that 
change in fat was insignificant. The salt based chicory pickle packed in PET 
jar had significant change in moisture content upto one year. 
ANOVA (Table 4.33) for fat content of vinegar based chicory pickle 
revealed that the effect of storage was highly significant significance whereas 
the packaging is significant at 5% level of significance and interaction were 
insignificant. The vinegar based chicory pickle packed in glass jar had 
significant change in moisture content upto six months and after that change 
in fat was insignificant. The vinegar based chicory pickle packed in PET jar 
had significant change in fat content upto one year. 
Table 4.32: ANOVA for fat content of salt based chicory pickle 
Source 
Replication 
Storage Period 
Packaging 
Interaction of 
period & packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.00028 
0.00571 
0.00021 
0.00015 
0.00088 
0.00714 
mss 
9.33E-05 
0.00143 
0.00021 
3.83E-05 
4.89E-05 
Fcal 
1.90909 
29.2159 
4.36364 
0.78409 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.0657; CD. = (1%) 0.008999 and 
Packaging CD. (5%) = 0.00848; CD. = (1%) 0.011618 
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Table 4.33: ANOVA for fat content of vinegar based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of period 
&packaging 
Error 
Total 
Storaqe CD. (5%1 
df 
2 
4 
1 
4 
18 
29 
= 0.C 
ss 
0.00038 
0.00439 
0.00016 
0.00012 
0.00042 
0.00547 
0454; CD. 
mss 
0.00019 
0.00109 
0.00016 
3E-05 
2.33E-05 
= (1%)0.00( 
Fcal 
8.14286 
47 
7 
1.28571 
3271 and 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.005859; CD. = (1%) 0.00826 
ANOVA (Table 4.34) for fat content of oil based chicory pickle revealed 
that the effect of storage was highly significant whereas the packaging and 
interaction of both storage and packaging were insignificant. The oil based 
chicory pickle packed in glass and PET had significant change in fat content 
during one year storage. 
Table 4.34: ANOVA for fat content of oil based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of period 
& packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.10051 
14.3329 
0.00085 
0.02515 
0.44616 
14.9055 
mss 
0.05025 
3.58322 
0.00085 
0.00629 
0.02479 
Fcal 
2.0274 
144.5624 
0.03443 
0.25363 
• 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.14793; CD. (1%) = 0.19097 and 
Packaging CD. (5%) = 0.1392665; CD. (1%) = 26160 
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ANOVA (Table 4.35) for fat content of combination based chicory 
pickle revealed that the effect of storage was highly significant whereas the 
packaging and interaction of both storage and packaging were insignificant. 
The combination based chicory pickle packed in glass jar had significant 
change in fat content upto nine months and after that change in fat content 
was insignificant. The combination based chicory pickle packed in PET jar 
had significant change in fat content upto nine months and after that change 
in fat content was insignificant. 
Table 4.35: ANOVA for fat content of combination based chicory pickle 
Source 
df ss mss Foal F-tab 5% F-tab 1% 
Replication 0.06216 0.03108 4.04262 
Storage period 21.5773 5.39432 880.951 2.93 4.58 
Packaging 0.00867 0.00867 0.9056 4.41 8.28 
Interaction of 
period & packaging 0.005947 0.00149 0.43152 2.93 4.58 
Error 18 0.09257 0.0051 
Total 29 21.7466 
Storage CD. (5%) = 0.06738; CD. (1%) =0.09230 and 
Packaging CD. (5%) = 0.08699; CD. (1%) = 0.11916 
4.4.2.5 Protein Content 
The measured values of protein content just after preparation and 
during storage (at three months interval) are reported in Table 4.36. Results 
of the study reveled that there is a loss of protein with storage period 
irrespective of the type of packaging materials and methods. Initially, protein 
content for fresh salt, vinegar, oil and combination chicory pickles was 
01.97%, 1.96%, 2.25% and 2.42%, respectively. In combination based 
chicory pickle protein content was found to be maximum (2.42%) and 
minimum (1.96%) for vinegar based chicory pickles after one year. This 
showed that pickling medium significantly affected the protein content of 
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developed pickles. In combination based chicory pickle packed in PET jar 
protein loss was found to be maximum (0.25%) and minimum (0.01%) for salt 
based pickle packed in glass jar after one year. 
Table 4.36: Effect of packaging materials (Glass and PET jars) and 
storage on protein content (%) of salt, vinegar, oil and combination 
(salt-vinegar-oil) based chicory pickles 
Salt 
Vinegar 
Oil 
Comb-
ination 
Packaging 
Materials 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Storage period (In Months) 
Fresh 
1.97±0.01 
1.97±0.01 
1.96±0.01 
1.96±0.01 
2.25±0.01 
2.25±0.01 
2.42±0.01 
2.42±0.01 
3 
1.97±0.01 
1.96±0.00 
1.95±0.01 
1.95±0.01 
2.13±0.01 
2.17±0.01 
2.26±0.02 
2.29±0.02 
6 
1.97±0.01 
1.95±0.01 
1.95±0.00 
1.95±0.01 
2.10+0.01 
2.08±0.01 
2.22±0.02 
2.21±.02 
9 
1.97±0.01 
1.95±0.01 
1.95±0.01 
1.95±0.01 
2.09+0.01 
2.07±0.01 
2.20±0.01 
2.20±0.01 
12 
1.96±0.01 
1.95±0.01 
1.94±0.01 
1.93±0.01 
2.07±0.01 
2.06±0.01 
2.18±0.01 
2.17±0.02 
Values indicated are mean ± standard deviation of three replications 
ANOVA for protein content of salt, vinegar, oil and combination based 
chicory pickles are reported in Tables 4.37 to 4.40. 
ANOVA (Table 4.37) for protein content of salt based chicory pickle 
revealed that the effect of storage and packaging were significant at 5% and 
1% level of significance whereas their interaction of both storage and 
packaging was insignificant. The salt based chicory pickle packed in glass jar 
had significant change in protein content during one year storage. The salt 
based chicory pickle packed in PET jar had significant change in protein 
content upto three months and after that change in protein content was 
insignificant. 
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Table 4.37: ANOVA for protein content of salt based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of period 
& packaging 
Error 
Total 
Storage CD. (5^ 
df 
2 
4 
1 
4 
18 
29 
/o) = ( 
ss 
0.00069 
0.0014 
0.00056 
0.00019 
0.00058 
0.00342 
).00533; C 
mss 
0.00034 
0.00035 
0.00056 
4.67E-05 
3.22E-05 
.D. (1%)=C 
Fcal 
10.6552 
10.8621 
17.4828 
1.44828 
1.00731 an 
F-tab 5% 
2.93 
4.41 
2.93 
d 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.006888; CD. (1%) = 0.00943 
ANOVA (Table 4.38) for protein content of vinegar based chicory pickle 
revealed that the effect of storage and packaging was significant at 5% and 
1% level of significance whereas their interaction of both storage and 
packaging was insignificant. The vinegar based chicory pickle packed in glass 
and PET jar had significant change in protein content for three months 
storage and after that change was insignificant. 
Table 4.38: ANOVA for protein content of vinegar based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period & packaging 
Error 
Total 
Storage CD. ( 
df 
2 
4 
1 
4 
1 
8 
2 
9 
5%) 
ss 
0.00065 
0.00195 
0.00012 
0.00011 
0.00035 
0.00319 
= 0.00416 
mss 
0.0003 
0.0005 
0.0001 
2.83E-05 
1.96E-05 
8; CD. (1^ 
Fcal 
16.4717 
24.8774 
6.1132 
1.4434 
/o) =0.0057C 
F-tab 5% 
2.93 
4.41 
2.93 
) and 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.00537; CD. (1%) = 0.00736 
ANOVA (Table 4.39) for protein content of oil based chicory pickle 
revealed that the effect of storage and interaction of both storage and 
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packaging were highly significant whereas the packaging was insignificant. 
The oil based chicory pickle packed in glass and PET jar had significant 
change in protein content during one year storage. 
Table 4.39: ANOVA for protein content of oil based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period & packaging 
Error 
Total 
Storage CD. (5% 
df 
2 
4 
1 
4 
18 
29 
) = o. 
Ss 
0.0007 
0.14369 
3.33E-06 
0.00251 
0.00041 
0.14734 
00447; CD. ( 
mss 
0.00036 
0.0359 
3.33E-06 
0.0006 
2.26E-05 
1%) = 0.00f 
Fcal 
16.0820 
1589.975 
0.1475 
27.8115 
312 and 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.00577; CD. (1%) = 0.07898 
ANOVA (Table 4.40) for protein content of combination based chicory 
pickle revealed that the effect of storage was significant whereas the 
packaging and the interaction of both storage and packaging were 
insignificant. The combination based chicory pickle packed in glass and PET 
jar had significant change in protein content during one year storage. 
Table 4.40: ANOVA for protein content of combination based chicory 
pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
Storage CD. (5° 
df 
2 
4 
1 
4 
18 
29 
/o) = 0 
Ss 
0.0005 
0.23665 
1.33E-05 
0.0010 
0.0027 
0.2409 
.011422; C 
mss 
0.0003 
0.05916 
1.33E-05 
0.00026 
0.00015 
.D. ri%)=0 
Fcal 
1.8271 
400.341 
0.0903 
1.7256 
015646 an 
F-tab 5% 
2.93 
4.41 
2.93 
d 
r 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.01475; CD. (1%) = 0.020199 
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4.4.2.6 Ash Content 
The measured values of ash content just after preparation and during 
storage (three months interval) are reported in Table 4.41. Results of the 
study reveled that there is a insignificance loss of ash content with storage 
period irrespective of the type of packaging materials and methods was 
observed in chicory pickle samples. Initially, ash content for fresh salt, 
vinegar, oil and combination chicory pickles were 1.91%, 1.85%, 2.35% and 
2.48%, respectively. In case of combination based chicory pickle ash content 
was found to be maximum (2.46%) and minimum (1.83%) for vinegar based 
chicory pickles after one year. This showed that pickling medium 
insignificantly decrease the ash content during storage. Experimental error 
seems to be the problem reason for change in ash content of these products 
during storage. 
Table 4.41: Effect of packaging materials (Glass and PET jars) and 
storage on ash content (%) of salt, vinegar, oil and combination (salt-
vinegar-oil) based chicory pickles 
Salt 
Vinegar 
Oil 
Comb-
ination 
Packaging 
Materials 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Storage period (In Months) 
Fresh 
1.94+0.01 
1.94±0.01 
1.85±0.01 
1.85±0.01 
2.35±0.02 
2.35±0.02 
2.48+0.01 
2.48±0.01 
3 
1.94±0.01 
1.94±0.01 
1.84±0.01 
1.84+0.01 
2.34±0.02 
2.35±0.02 
2.47±0.01 
2.47±0.02 
6 
1.94±0.01 
1.94±0.01 
1.84±0.01 
1.84±0.02 
2.34±0.02 
2.33±0.02 
2.47±0.01 
2.47±0.02 
9 
1.94±0.01 
1.94±0.01 
1.84+0.01 
1.84±0.01 
2.34±0.02 
2.33±0.02 
2.47±0.01 
2.46±0.01 
12 
1.94±0.01 
1.94±0.01 
1.84±0.00 
1.83±0.01 
2.33±0.03 
2.33±0.02 
2.46±0.01 
2.46±0.02 
Values indicated are mean ± standard deviation of three replications 
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ANOVA for ash content of salt, vinegar, oil and combination based 
cliicory pickles are reported in Tables 4.42 to 4.45. 
ANOVA (Table 4.42) for ash content of salt based chicory pickle 
revealed that the effect of storage was significant at 5% and 1% level of 
significance whereas the packaging and the interaction were insignificant. 
The salt based chicory pickle packed in glass and PET jar had insignificant 
change in ash moisture content during one year storage 
Table 4.42: ANOVA for ash content of salt based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
Storage CD. (5°/ 
df 
2 
4 
1 
4 
18 
29 
o) = ( 
ss 
0.00075 
0.00029 
1.33E-05 
8.67E-05 
0.00025 
0.001387 
).003525; C. 
mss 
0.00037 
7.17E-05 
1.33E-05 
2.17E-05 
1.41E-05 
D. (1%) = 0. 
Fcal 
26.5263 
5.09216 
0.94737 
1.53947 
D4829 and 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.004507; CD. (1%) = 0.0062336 
ANOVA (Table 4.43) for ash content of vinegar based chicory pickle 
revealed that the effect of storage was significant at 5% and 1% level of 
significance whereas the packaging and the Interaction of both storage and 
packaging were insignificant. The vinegar based chicory pickle packed in 
glass and PET jar had insignificant change in ash moisture content during 
one year storage. 
ANOVA (Table 4.44) for ash content of oil based chicory pickle 
revealed that the effect of storage was highly significant at 5% and 1% level 
of significance whereas the packaging and the interaction of both storage and 
packaging were insignificant. The oil based chicory pickle packed in glass and 
PET jar has insignificant change in ash moisture content during one year 
storage. 
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Table 4.43: ANOVA for ash content of vinegar based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
Storage CD. (6 
df 
2 
4 
1 
4 
18 
29 
)%) = 
ss 
0.00061 
0.00038 
5.33E-05 
4.67E-05 
0.00026 
0.00135 
mss 
0.00030 
9.5E-05 
5.33E-05 
1.17E-05 
1.44E-05 
Fcal 
21 
6.5769 
3.6923 
0.8077 
D.003571; CD. (1%) =0.04892 and 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.0046102; CD. (1%) = 0.0063151 
Table 4.44: ANOVA for ash content of oil based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
Storage CD. (5°/ 
df 
2 
4 
1 
4 
18 
29 
D) = 0 . 
ss 
0.0115 
0.0023 
8.33E-05 
0.00013 
0.00041 
0.01447 
004503; C 
mss 
0.00576 
0.00058 
8.33E-05 
3.33E-05 
2.3E-05 
D. (1%)=0.0 
Fcal 
250.8387 
25.2581 
3.6290 
1.45161 
06168 and 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.0058127; CD. (1%) = 0.0079624 
ANOVA (Table 4.45) for ash content of combination based chicory 
pickle revealed that the effect of storage was significant at 5% and 1% level of 
significance whereas the packaging and the interaction of both storage and 
packaging were insignificant. The combination based chicory pickle packed in 
glass and PET jar had insignificant change in ash moisture content during 
one year storage. 
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Table 4.45: ANOVA for ash content of combination based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
Storaae CD. (5° 
df 
2 
4 
1 
4 
18 
29 
/o) = ( 
ss 
0.00229 
0.00213 
3.33E-06 
1.33E-05 
0.00078 
0.00522 
D.006185: C 
mss 
0.00114 
0.00053 
3.33E-06 
3.33E-06 
4.33E-05 
:.D. (1%) = ( 
Fcal 
26.3846 
12.3077 
0.0769 
0.0769 
D.008473 an 
F-tab 5% 
2.93 
4.41 
2.93 
d 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.007985; CD. (1%) = 0.0109381 
4.4.2.7 Effect of packaging materials, methods and storage period on 
microbial quality of chicory pickles 
Total plate count (TPC) and Yeast and Mold (Y & M) were determined 
for the fresh and stored samples at the interval of three months of storage 
period. Table 4.46 and Table 4.47 show the microbial load of fresh and 
stored samples of chicory pickles. Study showed that total plate count (TPC) 
and Yeast and Mold (Y & M) count were found nil in fresh samples. TPC did 
not vary significantly during 9 months storage. After three month storage trace 
of colony of bacteria forming unit was found sometimes one or two colony 
forming units in the chicory pickle formulation. The microbial counts remained 
in acceptable range of 3 log cycles, which is in close agreement with the 
findings of Sen and Karim (2003). The high acidity as well as reduced 
microbial load imparted shelf life stability to the pickles and Yeast and Mould 
counts appeared to be nil. At the end of one year storage, bacterial count 
increased in number to a maximum (3.2 x 10^ cfu/g) for combination pickle 
packed in PET jar whereas Yeast and Mould count were increased up to 3.9 x 
10^ cfu/g for combination based pickle packed in glass jar 
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Table 4.46: Microbial load (TPC x 10 ,^ cfu/g) of chicory pickle packed in 
different packaging materials during storage 
Salt 
Vinegar 
Oil 
Comb-
ination 
Packaging 
Materials 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Storage period (In Months) 
Fresh 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
3 
Trace 
Nil 
Nil 
Trace 
Trace 
Trace 
Trace 
Trace 
6 
0.77±0.06 
Trace 
Trace 
Trace 
1.33±0.15 
1.73±0.06 
1.80±0.10 
1,43±0.16 
9 
2.17±0.06 
1.43±0.06 
1.27±0.06 
1.83±0.06 
1.60±0.10 
1.87±0.06 
2.37±0.12 
1.63±0.06 
12 
2.67±0.06 
2.73±0.15 
2.57±0.12 
2.70±0.10 
2.80±0.10 
2.80±O.1O 
2.83±0.23 
3.20±O.1O 
Values Indicated are mean ± standard deviation of three replications 
Table 4.47: Yeast and Mold Count (Y & M x 10^ cfu/g) of chicory pickle 
packed in different packaging materials during storage 
Salt 
Vinegar 
Oil 
Comb-
ination 
Packaging 
Materials 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Glass 
PET 
Fresh 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Storage period (1 
3 
Nil 
Nil 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
6 
Trace 
Trace 
0.40±0.10 
0.47±0.12 
1.77±0.06 
1,90±0.10 
2.17±0.15 
2.00±0.10 
n Months) 
9 
Trace 
Trace 
2.60±0.10 
2.10±O.1O 
3.00±0.10 
3.20±O.1O 
3,13±0.12 
3.20±O.1O 
12 
2.37±0.15 
2,57±0.15 
3.37±0.12 
3.10±0.20 
3.53±0.06 
3.71±0.06 
4.74±0.01 
3.83±0.06 
Values indicated are mean ± standard deviation of three replications 
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TPC and Y&M data obtained from the present investigation may be 
considered under safer limit after one year and fit for consumption. Lower 
growth of microbes may be due to preservation action of citric acid and low 
level of final moisture content. 
TPC and Y&M for various samples of chicory pickles after one year 
ranged from 2.37 x 10^ cfu/g to 4.74 x 10^ cfu/g depending upon the 
packaging materials and methods 
ANOVA (Table 4.48) for total plate count of salt based chicory pickle 
revealed that the effect of storage, packaging and interaction of both storage 
and packaging were highly significant at 5% and 1% level of significance. The 
salt based chicory pickle packed in glass jar had insignificant change in total 
plate count upto three months after that change in total plate count is 
significant. The salt based chicory pickle packed in PET jar has insignificant 
change in total plate count upto six months after that change in total plate 
count is significant. 
Table 4.48: ANOVA for Total Plate Count (TPC) of salt based chicory 
pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.00867 
33.08533 
1.77633 
3.71867 
0.064667 
38.65367 
mss 
0.00433 
8.27133 
1.77633 
0.92967 
0.00359 
Real 
1.20619 
2302.33 
494.443 
258.773 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.056318; CD. (1%) = 0.07715 and 
Packaging CD. (5%) = 0.072706; CD. (1%) = 0.09959 
ANOVA (Table 4.49) for total plate count of vinegar based chicory 
pickle revealed that the effect of storage, packaging and interaction of both 
storage and packaging were highly significant at 5% and 1% level of 
significance. The vinegar based chicory pickle packed in glass and PET jar 
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had insignificant change in total plate count upto six months after that change 
in total plate count was significant. 
ANOVA (Table 4.50) for total plate count of oil based chicory pickle 
revealed that the effect of storage was highly significant where as effect of 
packaging and interaction of both storage and packaging were significant at 
5% and 1 % level of significance. The oil based chicory pickle packed in glass 
and PET jar had insignificant change In total plate count upto three months 
after that change in total plate count was significant. 
Table 4.49: ANOVA for Total Plate Count (TPC) of vinegar based chicory 
pickle 
Source df ss mss Foal F-tab 5% F-tab1% 
Replication 0.01267 0.00633 2.40846 
Storage period 35.02133 8.75533 3329.49 2.93 4.58 
Packaging 0.147 0.147 55.9014 4.41 8.28 
Interaction of period 
& packaging 0.361333 0.09033 34.3521 2.93 4.58 
Error 18 0.047333 0.00263 
Total 29 35.58967 
Storage CD. (5%) = 0.04818; CD. (1%) = 0.06600 and 
Packaging CD. (5%) = 0.0622; CD. (1%) = 0.08521 
Table 4.50: ANOVA for Total Plate Count (TPC) of oil based chicory 
pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.018667 
35.008 
0.13333 
0.213333 
0.101333 
35.4747 
mss 
0.00933 
8.752 
0.13333 
0.05333 
0.00563 
Fcal 
1.65789 
1554.63 
23.6842 
9.47368 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.070499; CD. (1%) =0.096571 and 
Packaging CD. (5%) = 0.0910134; CD. (1%) = 0.1246723 
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ANOVA (Table 4.51) for total plate count of combination based chicory 
pickle revealed that the effect of storage and interaction of both storage and 
packaging were highly significant and effect of packaging was significant at 
5% and 1% level of significance. The combination based chicory pickle 
packed in glass and PET jars had insignificant change in total plate count 
upto three months after that change in total plate count was significant. 
Table 4.51: ANOVA for Total Plate Count (TPC) of combination based 
chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.00467 
41.482 
0.16133 
1.04867 
0.202 
42.8987 
mss 
0.00233 
10.3705 
0.16133 
0.262167 
0.01122 
Fcal 
0.20792 
924.104 
14.3762 
23.3614 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.099536; CD. (1%) =0.136347 and 
Packaging CD. (5%) = 0.1285005; CD. (1%) = 0.1760231 
ANOVA (Table 4.52) for yeast and mold count of salt based chicory 
pickle revealed that the effect of storage is highly significant and effect of 
packaging and interaction were insignificant at 5% and 1% level of 
significance. The salt based chicory pickle packed in glass and PET jars had 
insignificant change in total plate count upto nine months after that change in 
yeast and mold count was significant. 
ANOVA (Table 4.53) for yeast and mold count of vinegar based 
chicory pickle revealed that the effect of storage was highly significant and 
effect of packaging and interaction of both storage and packaging were 
significant at 5% and 1% level of significance. The vinegar based chicory 
pickle packed in glass and PET jars had insignificant change in yeast and 
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mold count upto six months after that change in total plate count was 
significant. 
Table 4.52: ANOVA for Yeast and Mold count of salt based 
chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
Storaqe CD. (5° 
df 
2 
4 
1 
4 
18 
29 
/o^  = 0 
ss 
0.016667 
29.20533 
0.012 
0.048 
0.076667 
29.35867 
.061321; C 
mss 
0.00833 
7.30133 
0.012 
0.012 
0.004269 
.D. (1%)=0 
Fcal 
1.95652 
1714.23 
2.81739 
2.81739 
083999 ar 
F-tab 5% 
2.93 
4.41 
2.93 
d 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.0791649; CD. (1%) = 01084419 
Table 4.53: ANOVA for Yeast and Mold Count of vinegar based chicory 
pickle 
Source 
df ss mss Fcal F-tab 5% F-tab 1% 
Replication 0.00467 0.00233 0.22262 
Storage period 49.108 12.277 1171.30 2.93 4.58 
Packaging 0.147 0.147 14.0247 4.41 8.28 
Interaction of 
period &packaging 0.34133 0.08533 8.14134 2.93 4.58 
Error 18 0.18867 0.01048 
Total 29 49.78967 
Storage CD. (5%) = 0.096195; CD. (1%) =0.13177 and 
Packaging CD. (5%) = 01241872; CD. (1%) = 0.1701146 
ANOVA (Table 4.54) for yeast and mold count of oil based chicory 
pickle revealed that the effect of storage was highly significant and effect of 
packaging is significant at 5% and 1% level of significance where as 
interaction of both storage and packaging was significant at 5% level of 
significance only. The oil based chicory pickle packed in glass and PET jars 
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had insignificant change in yeast and mold count upto six months after that 
change in total plate count was significant. 
ANOVA (Table 4.55) for yeast and mold count of combination based 
chicory pickle revealed that the effect of storage, packaging and interaction of 
both storage and packaging were highly significant at 5% and 1% level of 
significance. The combination based chicory pickle packed in glass and PET 
jars had insignificant change in total plate count upto three months after that 
change in total plate count was significant. 
Table 4.54: ANOVA for Yeast and Mold of oil based chicory pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
Storage CD. (5^ 
df 
2 
4 
1 
4 
18 
29 
/o) = 0 
ss 
0.01067 
68.968 
0.08533 
0.06133 
0.06933 
69.1947 
.058314; C 
mss 
0.00533 
17.242 
0.0853 
0.01533 
0.00385 
.D. (1%) = C 
Fcal 
1.38462 
4476.29 
22.1538 
3.98077 
.07988 an 
F-tab 5% 
2.93 
4.41 
2.93 
d 
F-tab 1% 
4.58 
8.28 
4.58 
Packaging CD. (5%) = 0.0752836; CD. (1%) = 0.1031252 
Table 4.55: ANOVA for Yeast and Mold of combination based chicory 
pickle 
Source 
Replication 
Storage period 
Packaging 
Interaction of 
period &packaging 
Error 
Total 
df 
2 
4 
1 
4 
18 
29 
ss 
0.00067 
87.2287 
0.3 
0.9633 
0.126 
88.61867 
mss 
0.00033 
21.80717 
0.3 
0.24083 
0.007 
Fcal 
0.04762 
3115.31 
42.857 
34.4048 
F-tab 5% 
2.93 
4.41 
2.93 
F-tab 1% 
4.58 
8.28 
4.58 
Storage CD. (5%) = 0.078612; CD. (1%) =0.100685 and 
Packaging CD. (5%) = 0.1014879; CD. (1%) = 0.1390206 
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4.4.3 Effect of packaging materials, metliods and storage period on 
organoleptic qualities evaluation of Chicory Pickles 
All products of trail runs were subjected to sensory/ organoleptic 
evaluation to select the best product on 9 point hedonic scale. Results of the 
study revealed that all samples were found to be organoleptically excellent 
and accepted. Over all acceptability score of chicory pickle are presented in 
Table 4.56 
Table 4.56: Organoleptic scores evaluation of chicory pickles storage at 
ambient temperature 
Samples 
Salt 
Vinegar 
Packaging 
Materials 
Glass 
PET 
Glass 
PET 
Storage 
period 
(In 
months) 
0 
3 
6 
9 
12 
0 
3 
6 
9 
12 
0 
3 
6 
9 
12 
0 
3 
Organoleptic scores 
Colour 
6.74 
7.57 
7.51 
7.64 
7.73 
6.72 
6.81 
6.94 
7.13 
6.96 
6.83 
6.94 
7.10 
7.38 
7.66 
6.72 
6.81 
Texture 
6.23 
8.61 
8.80 
8.82 
8.90 
6.23 
7.33 
7.64 
7.53 
7.61 
6.11 
7.23 
7.29 
7.80 
7.88 
6.23 
7.33 
Flavour 
7.33 
7.59 
8.23 
8.71 
8.90 
6.46 
7.23 
7.86 
7.84 
7.66 
6.86 
7.14 
7.66 
7.84 
8.46 
6.46 
7.23 
Taste 
7.28 
8.43 
8.94 
8.90 
8.93 
6.82 
8.61 
8.84 
8.46 
8.23 
6.91 
8.83 
8.91 
8.23 
8.40 
6.82 
8.61 
Over all 
acceptability 
6.90±0.52 
8.05±0.55 
8.37±0.65 
8.52±0.59 
8.62±0.59 
6.56±0.27 
7.50±0.78 
7.82±0.79 
7.44±0.56 
7.62±0.52 
6.68±0.38 
7.54±0.87 
7.74±0.81 
7.81±0.35 
8.10±0.39 
6.56±0.27 
7.50±0.78 
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Oil 
Combin-
ation 
Glass 
PET 
Glass 
PET 
6 
9 
12 
0 
3 
6 
9 
12 
0 
3 
6 
9 
12 
0 
3 
6 
9 
12 
0 
3 
6 
9 
12 
6.94 
7.13 
6.96 
6.82 
8.23 
8.16 
8.43 
8.40 
6.61 
8.46 
8.13 
8.54 
8.81 
8.13 
8.98 
8.90 
8.89 
8.82 
7.78 
8.99 
8.46 
8.59 
8.45 
7.64 
7.53 
7.61 
6.42 
8.13 
8.44 
8.50 
8.49 
6.76 
8.91 
8.73 
8.86 
8.01 
7.30 
8.83 
8.82 
8.81 
8.80 
7.51 
8.86 
8.91 
8.95 
8.85 
7.86 
7.84 
7.66 
7.36 
8.41 
8.91 
8.93 
8.70 
7.34 
8.36 
8.80 
8.90 
8.91 
7.72 
8.94 
8.91 
8.89 
8.43 
7.64 
8.43 
8.63 
8.12 
8.22 
8.84 
8.46 
8.23 
7.44 
7.86 
8.84 
8.08 
8.16 
6.23 
8.95 
8.91 
8.13 
8.86 
7.28 
8.84 
8.81 
8.65 
8.23 
7.02 
8.46 
8.87 
8.10 
8.21 
7.82±.79 
7.74±0.56 
7.62±0.52 
7.01±0.48 
8.16±0.23 
8.59±0.35 
8.49±0.35 
8.44±0.22 
6.74±0.46 
8.67±0.30 
8.64±0.35 
8.61±0,36 
8.65±0.43 
7.61±0.40 
8.90±0.07 
8.86±0.05 
8.81±0.11 
8.57±0.29 
7.49±0.33 
8.69±0.28 
8.72±0.21 
8.44±0.41 
8.43±0.30 
Amongst developed pickles, the salt pickles had good aroma and a 
spicy taste, whereas vinegar pickle had better colour, texture and overall 
acceptability as compared to other pickles, though these pickles scored 
lowest scores with respect to flavour. Oil pickles had attractive flavour and its 
texture was soft. The combination pickles had spicy flavour and sweet taste 
dominating. Such pickles had soft texture and colour of boiled pumpkins. All 
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the four pickles were liked very much by members of test panel and have 
good scope of commercialization. 
All the four types of pickles were liked very much both packed in glass 
and PET jar stored at ambient conditions. 
4.4.2 Effect of packaging materials, metliods and storage 
period on textural characteristics of Chicory Pickles 
To gain consumer acceptance of developed pickles, the textural 
characteristics of fresh and stored samples at the interval of three months 
upto one year were closely evaluated. Figures 4.46 to 4.65 show the textural 
characteristics of developed pickles, at an interval of three months each 
during one year storage. Graphs below are findings based on results from 
Stable Micro System Texture Analyser window based software which displays 
results quickly, easily and in a user-friendly format. The texture of pickles was 
determined by Volodkevich bite test which stimulates biting action by incisors 
(teeth). Initially, biting force for fresh salt, vinegar, oil and combination chicory 
pickles were 7781g, 9308 g, 6445 g and 5141g, respectively. In case of fresh 
vinegar based chicory pickle biting force was found to be maximum (9308 g) 
among all pickles and minimum (5141 g) for combination based chicory 
pickles among all pickles. After one year storage of salt, vinegar, oil and 
combination pickles biting force were reduced to 3809 g, 3211 g, 2408 g and 
1672 g respectively indicating softness in texture of all pickles. After one year 
storage maximum (6097 g) change in biting force of vinegar based pickle was 
observed and minimum (3469 g) change in combination (salt-vinegar-oil) 
based pickle was observed. Overall combination pickle required least biting 
force that indicates that it was the softest among all pickles. Salt based 
chicory pickle required maximum biting force that indicates that it had hard 
texture among all pickles (Dagur^200'/). 
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Figure 4.46: Texturai characteristics (Volodkevich bite test) of 
freshly prepared salt based chicory pickle 
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Figure 4.47: Texturai characteristics (Volodkevich bite test) of salt 
based chicory pickle after three months storage 
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Figure 4.48: Textural characteristics (Vofodkevich bite test) of salt 
based pickle after six months storage 
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Figure 4.49: Textural characteristics (Volodkevich bite test) of salt 
based chicory pickle after nine months storage 
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Figure 4.50: Textural characteristics (Volodkevich bite test) of salt 
based chicory pickle after one year storage 
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Figure 4.51: Textural characteristics (Volodkevich bite test) of 
freshly prepared vinegar based chicory pickle 
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Figure 4.52: Texturat characteristics (Volodkevicli bite test) of 
vinegar based chicory pickle after three months 
storage 
Force (g) 
&000 
5000 
4000-
3000 
2000 
1000 
Time (sec.) 
Figure 4.53: Texturai characteristics (Volodkevich bite test) of 
vinegar based chicory pickle after six months storage 
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Figure 4.54: Textural characteristics (Voiodltevicli bite test) of 
vinegar based chicory pickle after nine months 
storage 
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Figure 4.55: Textural Characteristics (Volodkevich bite test) of 
vinegar based pickle after one year storage 
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Figure 4.56: Textural characteristics (Volodkevich bite test) of 
freshly prepared oil based chicory pickle 
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Figure 4.57: Textural characteristics (Volodkevich bite test) of oil 
based chicory pickle after three months storage 
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Figure 4.58: Textural characteristics (Volodkevicli bite test) of oil 
based picide after six months storage 
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Figure 4.59: Textural characteristics (Volodkevich bite test) of oil 
based chicory pickle after nine months storage 
159 
Force 
o.o 0.5 Vi 1.5 
Time (sec.) 
Figure 4.60: Textural characteristics (Volodkevich bite test) of oil 
based ciiicory pickle after one year storage 
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Figure 4.61: Textural characteristics (Volodkevich bite test) of 
freshly prepared combination (oil-vinegar-salt) based 
chicory pickle 
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Figure 4.62: Textural characteristics (Volodkevich bite test) of 
combination (oil-vinegar-salt) based chicory pickle 
after three months storage 
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Figure 4.63: Textural characteristics (Volodkevich bite test) of 
combination (oii-vinegar-sait) based pickle after six 
months storage 
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Figure 4.64: Textural characteristics (Volodicevich bite test) of 
combination (oil- vinegar-salt) based pickle after nine 
months storage 
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Figure 4.65: Textural characteristics (Volodkevich bite test) of 
combination (satt-oil-vinegar) based pickle after one 
year storage 
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CHAPTER 5 
SUMMARY AND CONCLUSIONS 
Due to poor post harvest management about 40% losses in chicory crop 
takes place, which ultimately reduces the profitability of the processor as well 
as of the producer. Cost of the roasted product can not be increased, 
however, if costs of processing and post harvest losses during processing are 
minimized, only then, profitability as well as productivity can be increased 
significantly. A study was conducted for examining the present practices of 
post harvest management of chicory crop, grown in Aligarh and Etah Region, 
to identify the status of primary processing as well as technical interventions 
required at various stages of processing. In light of technological gaps, efforts 
were made to develop and /or adopt appropriate post hardest technologies 
suitable for climatic conditions of India. Vegetable root washer and vegetable 
root slicer developed for other crops were intensively tested to overcome the 
major problem of washing and drying, respectively. An in-depth study of 
drying characteristics of chicory cubes using different drying methods viz. sun 
drying, solar drying, heated air batch drying, continuous belt drying and 
fluidized bed drying. The quality of dried cubes were evaluated in terms of 
reducing sugars, total sugars as invert sugar, sucrose, total sugars and 
browning index to compare the drying methods. For product diversification, 
various types of the chicory pickles were developed. The quality of fresh as 
well as stored pickles in different packaging materials were evaluated in terms 
of different physico-chemical (moisture content, pH, acidity, fat, protein, and 
ash content), bacterial count and yeast & mold count, textural and sensory 
characteristics. The effects of packaging and storage on various quality 
attributes of developed pickles were also analysed. The results of the study 
are summarized as follows: 
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1. Chicory roots need to be harvested before maturity (200±10 days 
after sowing) when blue flowers start coming on plants. 
2. The top of root crown (1 cm) should be removed along with leaves 
after harvesting. 
3. After harvesting, the roots should be brought to the processing plant 
as soon as possible. 
4. If storage is required between harvesting and processing (prior to 
washing), the roots should be kept under shade and not under sun. 
5. The roots should be washed thoroughly to remove all the adhering 
soil particles. It was observed that during washing the layer of mud 
was collected In the washing tank which remained in the water 
resulting in improper washing. It was felt that used water and 
deposited mud should be removed after regular interval of 2-3 hours 
to minimize the microbial load of chicory roots. The roots should be 
washed in the continuously flowing water and spent water may 
further be used for irrigation purposes. 
6. For mechanized washing of freshly harvested chicory roots, a 
rotating drum type batch vegetable washer, developed by PAU, 
Ludhiana may be used. It has a capacity of washing 4-6q roots/hr. 
The maximum washing efficiency was found to be 96.2% at 50 rpm 
but there was 6.8% bruising of chicory roots. The optimum 
performance of machine for washing of chicory root was found at 
drum speed of 40 rpm and washing of 6 min per batch with microbial 
efficiency of 95 % and 0% bruising. The cost of washing worked out 
to be approximately Rs 5/q and there was no mechanical damage to 
the roots. The equipment was found to be highly suitable for the 
washing of chicory roots after some minor modifications in unloading 
system of washer. For industrial application in large chicory 
processing plant, however, it needs to be redesigned as a 
continuous unit. 
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7. Locally fabricated slicers presently used in chicory processing plants 
need to be replaced by a well designed slicer which makes uniform 
cubes of standard size (10mm). Major portion of post harvest losses 
in chicory is due to over sized and under sized cubes. The oversize 
cubes create difficulties in moisture exudation and take longer drying 
time to reach desired final moisture content, whereas undersize 
cubes are over roasted and adversely affect the quality of roasted 
products. Due to inferior quality the cubes are rejected by the buyer 
industries. The chicory processing industry may adopt a commercial 
fruit/vegetable slicer, evaluated in present study. 
8. The cubes filled in bags should be sent to drying yards as soon as 
possible. After slicing the larger surface area of chicory is expand to 
atmosphere which need immediate drying. Otherwise due to fast 
enzymatic action the creamy colour of cubes start turning to dark 
brownish. 
9. If sun drying is to be practiced then it should be done on black poly 
ethylene sheet which enhances drying rate. Polyethylene sheet also 
prevents soil contamination of cubes and preserves the maximum 
sap in cube and stop mold growth on cubes. 
10. After drying upto desired moisture content (11±1%, d.b.) the roots 
should be packed in doubled layered polyethylene laminated bags 
and stored in dark and dry places. 
11. Among the natural drying method i.e. traditional sun drying on white 
woven polyethylene sheet, improved sun drying on black 
polyethylene sheet and solar dying methods, the solar drying yieldes 
best quality cubes which had minimum amount of reducing sugars, 
total sugars as invert sugar, sucrose, total sugars and browning 
index which were estimated as 2.423%, 8.006%, 5.303%, 7.726% 
and 0.027 respectively. Such products are appreciated by coffee 
industry. 
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12. Out of various air-temperature viz. 50°C, 60°C, 70°C, and 80°C 
selected in mechanical tray drying of chicory cubes, the product dried 
at 70°C was found best. It had minimum amount of reducing sugars, 
total sugars as invert sugar, sucrose, total sugars and browning 
index which were estimated as 2.92%, 8.623%, 5.426%, 8.346% and 
0.029, respectively. 
13. Among various drying methods studied for chicory cubes, the 
fluidized bed drying at air temperature of 80°C and outlet air velocity 
of 11.8m/sec yielded the best quality of dried products, which had 
minimum amount of reducing sugars, total sugars as invert sugar, 
sucrose, total sugars and browning index which were estimated as 
1.841%, 6.988%, 4.889%, 6.73% and 0.010, respectively. 
14. A continuous belt type dryer, developed in the department of Post 
Harvest Engineering and Technology, Faculty of Agricultural 
Sciences, AMU, Aligarh, was adopted for drying of chicory. However, 
due to low capacity and high power consumption the continuous belt 
type dryer was not found suitable for drying of chicory cubes. 
15. It was noted that among all drying procedures the sun drying on 
white polyethylene sheet took maximum time (3600 min), whereas 
fluidized bed drying took minimum time (85 min) to reach the final 
desired moisture content (11±1%, d.b.) of chicory cubes, suitable for 
storage or further processing. 
16. For product diversification, four different types of chicory pickles were 
developed. These chicory pickles were salt, vinegar, oil and 
combination (salt-vinegar-oil) based. All these pickles in fresh 
conditions were liked for organoleptic qualities by consumers. 
17. Effects of storage and packaging on moisture content of all the 
chicory pickles were found highly significant. The effect on interaction 
of both storage and packaging on oil and combination (salt-vinegar-
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oil) based chicory pickles was found significant whereas that or salt 
and vinegar based chicory pickles were insignificant. 
18. Effects of storage and packaging on acidity of all the chicory pickles 
were found highly significant. The effect of interaction of both storage 
and packaging on acidity of salt, vinegar and oil based chicory 
pickles was significant, whereas that of combination (salt-vinegar-oil) 
based pickle was insignificant. 
19. Effect of storage on pH of salt based and combination (salt-vinegar-
oil) based chicory pickles were highly significant, whereas for vinegar 
based and oil based pickles were significant. Effect of packaging and 
interaction of both storage and packaging on pH of all pickles was 
insignificant. 
20. Effect of storage on fat content on all the chicory pickles was highly 
significant whereas effect of packaging and interaction of both 
packaging and storage on fat content for all pickles were insignificant 
except that of packaging for vinegar was significant. 
21. Effect of storage and interaction on protein content for oil based 
chicory pickles were highly significant and effect of storage for salt, 
vinegar and combination (salt-vinegar-oil) based pickles was found 
significant whereas effect of interaction of both packaging and 
storage on all pickles was insignificant. 
22. Effect of storage on ash content for salt, oil and combination (salt-
vinegar-oil) based chicory pickles was found highly significant and for 
vinegar based it was significant whereas effect of packaging and 
interaction of both packaging and storage for all pickles were found 
insignificant. 
23. Total plate count (TPC) count for all freshly developed pickles were 
nil and start growing after 3 months storage but in acceptable range 
upto one year. 
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24. Organoleptically all the pickles packed in glass jar and PET jar stored 
at ambient conditions were liked very much and have potential for 
commercialization. Industries have shown interest to launch these 
products in market. 
As far as export of roasted chicory is concerned, the Chicory Growers 
Association of Etah and Aligarh have entered in a MOD with some other 
countries to export about 2000 tonnes of good quality roasted chicory. If the 
production of good quality roasted chicory could be increased in India along 
with export of other chicory based product, viz. pickles, as described above, 
chicory industry and its growers will be highly benefited. The increased 
productivity, as a result of improvement in production and processing (post-
harvest management), quality improvement and activities related to primary 
processing as well as development of chicory based small processing 
industries may lead in overall additional income and employment generation 
in rural areas. 
The various post-harvest activities as developed and demonstrated to 
Growers Association of Etah and Aligarh are finding acceptance by the 
members of association. These will help in increasing profitability and market 
value besides reducing post-harvest losses. 
168 
Bibliography 
BIBLIOGRAPHY 
1. Ahmed, J. 1997. Dehydration of Turnip and Radish Slices, J. 
Food Sciences: 34: 410-412. 
2. Baird G. D., Lomax M. A., Symonds H. W. and Shaw D. R. 
1980. Net hepatic and splanchnic metabolism of lactate, pyruvate 
and propionate in dairy cows in vivo in relation to lactation and 
nutrient supply; Biochem. J. 186 47-57. 
3. Baumann, H., 1982. Die griectiisctie Pflanzenwelt in Myttios, 
Kunset und Literatur. Hirmer, Munich. 
4. Benoit P, et al. 1976. Biological and phytochemical evaluation 
of plants. 14. Anti-inflammatory evaluation of 163 species of 
plants. Lyoydia; 39:160-71. 
5. Beitter, H. and Schroder, C.-H. 1970. In i-landbucli der 
Lebensmittelchemie, Ed. J. Schormuller, Springer, Berlin, Vol. Vl. 
pp 96-138. 
6. Bibra, E. 1885. Von, Die narl<otischen Genussmittle und der 
Mensch, W. Schmid, Nurnberg. 
7. Blanc, M. 1978. Lebensm.- Wiss. U. Tectinol, 11, 19-22 
8. Bourne, M.C. 1982. Texture Profile Analysis. Food Technology. 
32 (7). pp. 62-66, 72. 
9. Carabin I. G. and Flamm W. G. 1999. Evaluation of safety of 
inulin and oligofructose as dietary fiber; Regul. Toxicol. 
Pharmacol. 30 268-282. 
10. Chaubey, B. B., and Dorrell, D. G. 1977. J. Inst. Can. Sci. 
7ec/7/?o/. Aliment, 10(4). 
11. Cieslak, J., Pazola, Z. and Pordab, Z. 1981. Prace inst. i Lab. 
Bad. Przem. Spoz. 35, 113-22. 
12. Ciupka, P., 1949. Kaffee, Kaffee-Ersatz und Kaffee-Zusatz, Otto 
Meissner Verlag, Schloss Bleckede bei Hamburg, Vol. I. 
13. Ciupka, P., 1958. Kaffee, Kaffee-Ersatz und Kaffee-Zusatz, Otto 
Meissner Verlag, Schloss Bleckede bei Hamburg, Vol.4. 
14. Clarke R. J. and R. Macrea, 1987. In coffee, vol. 5: Related 
Beverages. Elsevier Applied Sciences Publishers, London and 
New York. 
169 
15. Clifford, M. N. 1985. In Coffee, Vol 1 Chemistry, Eds R.J. Clarke 
and R. Macrae, Elsevier Applied Science Publishers, London, pp. 
153-202. 
16. Coudary C , Bellanger J., Castiglfa-Delavaud C , Remesy C, 
Vermorel, M. and Rayssignuir, Y. 1997. Effects of soluble or 
partly soluble dietary fibres supplementation on absorption and 
balance of calcium, magnesium, iron and zinc in healthy young 
men; Eur. J. Clin. Nutr. 51 375-380. 
17. Cruess, W.V. 1958. Commercial Fruit and Vegetables Products. 
McGraw-Hill Book Publishing Co., New York. 
18. Dagur, Hamendra Singh. 2003. Development of appropriate 
post harvest technologies of chicory-an export worthy 
herbaceous rot presently used as coffee additives. Souvenir. 
Abstracts of plenary and technical lectures. 5'^  International Food 
Convention. CFTRI, Mysore. YFV-1. p- 57. 
19. Dagur H.S., Srivastava P.K. and Samsher. 2001. Proceeding of 
the "Primary Processing of Chicory and Scope of Improvement' 
88'^ Session of the Indian Science Congress held at lARI, New 
Delhi during January 3-7, 2001. p-61. 
20. Dagur H.S., Srivastava P.K., A.K. Srivastava, and S. Chandra. 
2004. Development and Quality Evaluation of Chicory Pickle. 
Proceedings of the National Seminar on Geography in the 21'*^ 
Century: Issues and Challenges May 1-2, 2004. p-68. 
21. Dhellemmes, C.H., 1987. Agronomy of chicory. In Coffee-Vol 5, 
Related Beverages (Eds: RJ Clarke and R Macrea): 175-191. 
22. ^Dick, J., Trugo, L. C. and Macrae, R., J. 1983. J. Sci. Food 
Agric, 34, 300-6. 
23. Desrosier, N.W. 1970. The technology of food preservation. The 
AVI Publishing Co. Westport Connecticut. 
24. Edenharder R, et al., 1994. In vitro effect of vegetable and fruit 
juices on the mutagenicity of 2-amino-methylimidazo-quinoline, 2-
amino-3,4-dimethylimiddazo-quinoline and 2-amino-3,8-
dimethlimidazoqnioxaline. Food Chem Toxicol; 32(5):443-59. 
25. Ellegard L, Anderson H. and Boseus L. 1997. Insulin and 
oligofructose do not influence the absorption of cholesterol or the 
excretion of cholesterol, Ca, Mg, Zn, Fe or bile acids but increase 
energy excretion in ileostomy subjects; Eur. J. Clin Nutr. 51 1-5. 
170 
26 Elson M. Haas. 2002. Staying Healthy with Nutrition: The 
Complete Guide to Diet and Nutritional Medicines, Celestial Arts. 
27 Fiordaliso M., Kok N., Desager J. P., Goethals F., Deboyser 
D., Roberfroid M. and Delzenne N. 1995. Dietary oligofructose 
lowers serum and VLDL concentrations of triglycendes, 
phospholipids and cholesterol in rats; Lipids 30 163-167. 
28. Franke, W. 1981. Nutzpflanzenl<unde. Thieme. Stuttgart. 
29. Galasko G, et al., 1989. The caffeine contents of nonalcoholic 
beverages. Food Chem Toxicol; 27 (1): 49-51. 
30 Gibson, G. 1998. Dietary modulation of the human gut microflora 
using prebiotics. Br J Nutr ^SOiA): S209-12. Review. 
31. Gibson G. R. and Roberfroid M. B. 1995. Dietary modulation of 
the human colonic microbiota: introducing the concept of 
prebiotics; J. Nutr. 125 1401-1412. 
32. Gupta A.K., Kaur N. and Nath S. 1986. Hypocholestrolemic 
effect of Cictiorium intybus roots in plasma and liver of rats; Med. 
Sci. Res. 14 212. 
33. Hegi, G. 1906-1931. Illustrierte Flora von Mitteleuropa, J. F. 
Lehmann, Munich. 
34. Hidaka H., Eida T., TakiwazaT. And Tashiro Y. 1986. Effects of 
fructooligosaccharides on intestinal flors and human health; 
Bifidobact. Microflora 5 37-50. 
35. Hidaka H., Tashiro Y. and Eida T. 1991. Proliferation of 
bifidobacteria by oligosachharides and their useful effect on 
human health; Bifidobact. Microflora 10 65-79. 
36. Hrdlicka, and Janicek, G., 1966. Sbornik Vysoke Skoly 
Chemicko-Technologicke v Praze (in English), E10, 103-9. 
37. Ivanova, IVI. A. and Pokrovskaya, M.Z. 1983. Konservnaya I 
Ovoshchesushil'naya Promyshlennost', (3), 30-2. 
38. Kahrs, F. and Leifer. H., 1952. Warenkunde des 
Lebensmittelhandels, R. Mueller, Koln-Braunsfeld, 1952. 
39. Kaur N., Jain H. Mann P., Gupta A. K. and Singh R. 1992. A 
comparison of properties of invertase and inulinase from chicory; 
Plant Physiol. Biochem. 30 445-450. 
171 
40. '^Kim, T.-Y., Yoon, K.-W., and Lee, K.-W. 1978. Korean J. Food 
Sci. Technol., 10(2). 258-62. 
41. Konig, J., 1918. Untersuchung von Nahrungs-, Genussmittein 
und Gebrauch gegenstanden, Vol 3, Springer, Berlin. 
42. Labanova, A.S. and Sinel'shchikova, L.A. 1982. Konservnaya i 
Ovoshchesushil'naya Promyshlennost',{5), 37-9. 
43. '^Leclercq, E. 1984. J. Chrom. 283: 441-4. 
44. Lee K.U., Park J. I., Kim C. H., Hong S. K. and Suh K. 1996. 
Effcet of decreasing plasma free fatty acids by acipimox on hetaic 
glucose metabolism; Metabolism 45 1408-1414. 
45. Levert M. A., Remesey C. and Dimigne C. 1993. Influence of 
inulin on urea and ammonia in the rat caecum: consequences on 
nitrogen excretion; J. Nutr. Biochem. 4 351-356. 
46. Linder, M. W., 1955. Warenkunde und Untersuchung von kaffee, 
Kaffee-Ersaz-und-Zusatzstoffen,Verlag A.W. Hayn's Erben, 
Berlin. 
47. Linder, IVI., 1958. Applied patents in the field of coffee and 
coffee-substitutes, Kaffee Tee-markt, (3-17), cited in ref 6. 
48. Luc J., Rizkalla S. W., Alamovitch C , Bossairi A. and Blayo 
A, 1996. Chronic consumption of short chain 
fructooligosaccharides by healthy subjects decreased basal 
hepatic glucose production but had no effect on insulin-stimulated 
glucose metabolism; Am. J. Clin. Nutr 63 639-645. 
49. Lupton J. R. and Marchand L. J. 1989. Independents effect of 
fibre and pectin on colonic luminal ammonia concentration; J. 
A/ufr. 119 235-241. 
50. IVIacGregor, E.A. and C.T. Greenwood. 1980. Polymers in 
Nature. John. Wiley and Sons, New York. 
51. Macrae, R. 1985. In Coffee, Vol 1: Chemistry, Eds R.J. Clarke 
and R. Macrae, Elsevier Applied Science Publishers, London, pp. 
137-49. 
52. Maier, H.G., 1981. Kaffee, Parey, Berlin. 
53. Mandal, R.C. and Nambiar, P.T.N. 2002. Agricultural statistics 
techniques and procedures, Agrobios (India), Jodhpur. 
172 
54. Mehta, H.M., J.R. Chavda and J.R. Patel, 1995. Effect of 
methods of sowing and weed management on yield of chicory 
(cichohum intybus). Indn. J.. Agron. 40 (1): 147-149, March. 
55. Mir, MA and Nath N. 1993. Storage changes in fortified mango 
bars. J. Food Sci. Tech. 30: 279-282. 
56. Mukhopadhya T., Tainsky M., Cavander A.C. and Roth A.C. 
1991. Specific inhibition of K-ras expression and tumourigenicity 
of long cancer cells by antisense RNA; Cancer Res. 51 5270-
5274. 
57. Nanjundaswamy, A.M., Radhakrishnaiah, Setty G., Saroja S. 
1976. Studies on the development of newer products from 
mango. J. Indian Food Packers.30: 95-103. 
58. Nakhmedov, F, G,, 1984. Technology of Coffee products (in 
Russian), Ed. Legkaya i Pishchevaya Promyshlennost,' Moscow. 
59. Nedelkovitis, J., 1961. Budapeszti Muszaki Egyet, Elelm.-Kem.-
Tansz.Kozlemen., 3(11), 11-16. 
60. Okos, M.R., Narsimhan G., Singh, R.K. and Weitnauer, A.C. 
1992. Food dehydration. In: Heldman, D.R. and Land D.B. (Ed). 
Handbook of food engineering, Marcel Dekker, New York. 
61. Pardab, Z., Pazola, Z. and Cleslak, J.1981. Prace Inst. i. Lab. 
Bad. Przem. Spoz., 35, 123-30 
62. Patel, J.R. et al., 1999. Improved agronomic practices for 
growing chicory. Indian farming Jan: 22-23, 27. 
63. *Portillo, R., Sanz Pedrero, P. and Ramos, P., 1965. Anales 
Bromato/(Madrid), 17-249-67, cited after Chem. Abstr., 1966, 64, 
2675G. 
64. *Pottern N.N. and Hotchkiss, J.H. 1996. Food Science CBS 
Publishers & Distributers, New Delhi p 215. 
65. Pyrek, J.S. 1977. Ann. Soc. Chim. Polonorum. 51: 2165-9 
66. Pyrek, J.S. 1985. Phytochemistry. 24,186 
67. Ranganna, S. 1994. Hand book of analysis of quality for fruits 
and vegetables products, Tata McGraw-Hill Publishing Co. Ltd., 
New Delhi. 
173 
68. Rao, VS and Roy, SK. 1980. Studies on dehydration of mango 
pulp II Storage studies of mango sheet/leather. J. Indian Food 
Packers. 34: 72-79. 
69. Roberfroid M. B. 1993. Dietry fibre, inuJin and oligofructose: a 
review comprising their physiological effects; Crit. Rev. Food Sci. 
Techno/. 33 103-148. 
70. Roberfroid, M. 1996. Functional effects of food components and 
the gastrointestinal system: chicory fructooligosaccharides. Nutr 
Rev ;54 (11 Pt. 2): S 38-42 Review. 
71. Roberfroid, M. 1997. Health benefits of non-digestible 
oligosaccharides. Adv Exp Med Biol \ 427:211-19 Review. 
72. Roberfroid, M. et al. 1998. The bifidogenic nature of chicory 
inulin and its hydrolysis products. J Nutr. 128 (1):11-19. Review. 
73. Roberfroid, M. et al. 1998. Dietary fructans, Annu Rev Nutr 18: 
117-43. Review. 
74. Roberfroid, M. 1999. Caloric value of inulin and oilgofructose. J 
Nutr-^29 (7 SuppI); 1436S-437S. Review 
75. Roberfroid, IVI. 1999. Concepts in functional foods: the case of 
inulin and oligofructose. J A/ufr 129 (7Suppl):1398S-401S. 
76. Roberfroid, IVI. B. 2001. Prebiotics: preferential substrates for 
specific germs?; Am. J. Clin. Nutr (SuppI.); 73406-409. 
77. *Ruhl I., etal. 1985. [Organic acids in vegetables. I.Brassica, leaf 
and bulb vegetables as well as carrot and celery.] [German] Z. 
Lebensum Unters Forsch ; 1985(3): 215-20. 
78. Rumessen J.J., Bode 8., Hannberg O. and Gudman-Hoyer E. 
1990. Fructans of Jerusalem artichokes: intestinal transport, 
absorption, fermentation and influence; Am. J. Clin. Nutr. 52 675-
781. 
79. *Rutherford, P.P. and Weston E.W. 1968. Phytocheimistry, 
7(2), 175-80. 
80. Salunkel, D.K. and Kadam, S.S. 1998. Handbook of Fruit 
Science and Technology-production, composition, storage and 
processing. Vol. I, Marcel Dekker, Inc. New York. 
81. Sannai, A., Fujimori, T. and Kato, K., 1982. Agric. Biol. Chem., 
46 (2), 429-33. 
174 
82. *Schormuller, J., Brandenburg, W. and Langner, H., Z. 1961. 
Lebensum. Untersuchung-Forsch., 115(3), 226-35. 
83. Sen, A.R. and S.A. Karim. 2003. Storage Stability of Rabbit 
Pickle at Room temperature. J. Food Sci. Technol., Vol 40. No 2. 
197-200. 
84. Shah, VK. 2003. Small scale production of pickle. J. Beverage 
and Food World. Jan, pi 9-26. 
85. Sheth M and Nandwana V. 2004. Storage stability of 
commercial mango pickles in oil. J. Indian Food Packers, Jan-
Feb, p.73-77. 
86. Singh R. and Bhatia, I.S. 1970. Haryana Agric. Univ. J., Res., 1, 
1-9. 
87. Sivetz, M. and Desrosier, N. W. 1979. Coffee Tecfinology, Avi, 
Westport, CT. 
88. Sivetz, M. and Desrosier, N. W. 1963. Coffee Processing 
Technology. Vil II, Avi, Westport, CT. 
89. Somogyi, LP. and Luh B.S. 1975. Dehydration of Fruits, In: 
Wood roof, I.G. and Luh, B. Seds. Commercial Fruit processing. 
The AVI Publishing Co. Westport Connecticut. Pp. 324-429 
90. Srivastava, R.P. and Kumar, S. 1993. Fruits and vegetables 
preservation. International Book Distributing Co. Lucknow. 
91. *Springer, W., 1940. Die blaue Blume, Bartholdy und Klein, 
Berlin. 
92. *Tetems I.G., Livesey G. and Eggum B.O. 1996. Effect of type 
and level of dietary fibre supplements on nitrogen retention and 
excretion patterns; Br J. Nutr 75 461-469. 
93. Timokhina, L.M. and Guiayev, W.N. 1974. Konservnaya I 
Ovoshchesushil'naya Promyshlennost', (4), 24-6 
94. Trillich, H. 1934. Rosten und Rostenwaren, Ed. 2, B. Heller, 
Munich, cited in ref.6. 
95. Trugo, L. C. and Macrae, R. 1984. Food Chem., 15, 219-27 
96. *Trugo, L. C. and Macrae, R. 1984. Analyst, 109, 263-6. 
175 
97. Van Arsdel, W.B. M.J. Copley and A.J. Morgan Jr. (Eds), 
1973. Food Dehydration. Second Edition Vol. I AVI Publishing 
Co. Westport Connecticut. 
98. Van den Hauvel E.G.H.M., Muys T., Van Dokkum W. and 
Schaafsma G. 1999. Oligofructose stimulates calcium absorption 
in adolescents: Am. J. Clin. Nutr. 69 544-548. 
99. Vijn I. etal., 1997. Fructan of the inulin neoseries is synthesized 
in transgenic chicory plants {Cichorium intybus L.) harbouring 
onion (Allium cepa L.) fructans:fructans 6G-fructosyltransferase. 
Plant J; 11(3): 387-98. 
100. Vilar, H., and Ferreira, L.A.B., 1971. Proc. 5'^  Coll. ASIC, 120-7. 
101. Wang, X. and Gibson, G.R. 1993. Effects of the in vitro 
fermentation of oligofructose and inulin by bacteria growing in the 
human large intestine; J. Appl. Bacterial. 75 373-380. 
102. Weidmann M. and Jager M. 1997. Synergistic sweeteners; Food 
Ingredients Int. (November-December) 51-56. 
103. Yamashita K,, Kawai K. and Itakura K. 1984. Effect of 
fructooligosaccharides on blood glucose and serum lipids in 
diabetic subjects; Nutr. Res. 4 961-966. 
104. Yones H., Garleb K., Behr S., Remesy C. and Demigne C. 
1995. Fermentable fibres or oligosaccharides reduce urinary 
nitrogen excretion by increasing urea disposal in the rat cecum; 
J. Nutr. 125 1010-1016. 
105. Yones H., Remesy C , Behr S. and Demigne 0. 1997. 
Fermentable carbohydrate exerts an urea lowering effects in 
normal and nephrectomised rats; Am. J. Physiol. 35 515-521. 
106. Zafar R., et al., 1998. Anti-hepatotoxic effects of roots and root 
and root callus extracts of Cichorium intybus L. J. 
Ethnopharmacol; 63(3): 227-31. 
*Original literature could not be seen. They were only cross-
referred from the book entitled In Coffee: Vol. 5, by Clark and 
Macrae, 1987 
176 
Appendices 
APPENDICES 
Table A-l: Experimental data for dehydration of chicory cubes by traditional 
sun drying over white polyethylene woven sheet 
Time, Weight of Moisture 
hr Sample (g) Content 
%, (d.b.) 
Average Average Moisture Water 
Time, > Content, %(d.b.) Removed, 
h 9 
Drying Rate, R 
g water 
removed /min/ 
100 g of dry 
weight 
0 1000 354.54 0.5 328.14 116.2 0.88 
883.8 301.73 1.5 278.3 103.1 0.781 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
780.7 
686.1 
601.7 
520.8 
461.6 
418.2 
396.3 
388.8 
388.8 
388.8 
388.8 
388.8 
388.8 
388.8 
388.8 
254.86 
211.86 
175.09 
136.73 
109.82 
90.1 
80.14 
76.72 
76.72 
76.72 
76.72 
76.72 
76.72 
76.72 
76.72 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
233.36 
193.48 
155.91 
123.28 
99.96 
85.12 
78.43 
76.72 
76.72 
76.72 
76.72 
76.72 
76.72 
76.72 
76.72 
94.6 
84.9 
80.4 
59.2 
43.2 
21.9 
7.5 
0 
0 
0 
0 
0 
0 
0 
0 
0.717 
0.639 
0.609 
0.448 
0.327 
0.166 
0.057 
0 
0 
0 
0 
0 
0 
0 
0 
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17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
388.8 
388.8 
388.8 
388.8 
388.8 
388.8 
385 
381.1 
363.2 
352.1 
304.2 
263.4 
253.1 
247.5 
246 
76.72 
76.72 
76.72 
76.72 
76.72 
76.72 
75 
73.54 
65.1 
60.04 
38.27 
19.73 
15.04 
12.5 
11.82 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
31.5 
76.72 
76.72 
76.72 
76.72 
76.72 
76.72 
75.86 
74.27 
69.32 
62.57 
49.155 
29 
17.385 
13.77 
12.16 
0 
0 
0 
0 
0 
0 
3.8 
3.9 
17.9 
11.1 
47.9 
40.8 
10.3 
5.6 
1.5 
0 
0 
0 
0 
0 
0 
0.028 
0.029 
0.136 
0.084 
0.363 
0.309 
0.078 
0.042 
0.011 
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Table A-ll: Experimental data for dehydration of chicory cubes by improved 
sun drying over black polyethylene woven sheet 
Drying Weight of 
Time, hr Sample (g) 
Moisture 
Content %, 
(d.b.) 
Average 
Time, 
hy 
Average 
Moisture 
Content, 
%(d.b.) 
Water 
Removed, 
g 
Drying Rate, R 
g water removed 
/min/100 g of 
dry weight 
0 1000 354.54 
857.7 289.54 0.5 322.04 147.3 1.116 
2 
3 
4 
5 
6 
7 
8 
9 
704.1 
552.8 
450.2 
367.3 
312.1 
283 
261 
245 
220.04 
150.36 
104.64 
66.95 
41.86 
28.64 
18.64 
11.45 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
254.79 
185.2 
127.5 
85.795 
54.405 
32.25 
23.64 
15.045 
153.6 
151.3 
102.6 
82.9 
55.2 
29.1 
21.9 
15.9 
1.163 
1.161 
0.777 
0.628 
0.418 
0.226 
0.166 
0.12 
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Table A-lll: Experimental data for dehydration of chicory cubes by solar 
drying 
Drying 
Time, h 
Weight of 
Sample (g) 
iVIoisture 
Content 
%, (d.b.) 
Average 
Time, 
tt>' 
Average 
Moisture 
Content, 
%(d.b.) 
Water 
Removed 
Drying Rate, (R) 
g water removed / 
min/100 g of dry 
weight 
0 1000 354.54 
1 
2 
3 
4 
5 
6 
7 
8 
9 
824.5 
649.1 
505.8 
406.9 
334.1 
287.2 
261.8 
250.2 
246.3 
274.77 
195.45 
129.91 
84.95 
51.86 
30.54 
19 
13.72 
11.95 
0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
314.49 
234.95 
162.68 
107.43 
68.405 
41.2 
24.77 
16.36 
12.835 
175.5 
175.4 
143.3 
98.9 
72.8 
46.9 
25.4 
11.6 
3.9 
1.329 
1.329 
1.086 
0.749 
0.551 
0.355 
0.192 
0.088 
0.029 
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Table A-IV: Experimental data for dehydration of chicory cubes by tray drier at 
50°C 
Drying Weight of Moisture Average Average Water Drying rate, R 
Time, Sample (g) Content %, Time, Moisture Removed, g water removed 
h (d.b.) i^y Content, g /mln/100gof 
%(d.b.) dry weight 
0 1000 354.54 
1 790.4 259.27 0.5 306.87 209.6 1.588 
2 663.1 201.41 1.5 230.305 127.3 0.964 
3 563.8 156.27 2.5 178.84 99.3 0.752 
4 483.3 119.68 3.5 137.975 80.5 0.61 
5 416.2 89.18 4.5 104.43 67.1 0.508 
6 365.3 66.04 5.5 77.61 50.9 0.385 
7 327.2 48.73 6.5 57.385 38.1 0.289 
8 301.1 36.86 7.5 42.795 26.1 0.198 
9 282.4 28.36 8.5 32.61 18.7 0.142 
10 266.3 21.04 9.5 24.7 16.1 0.122 
1.1 255 15.91 10.5 18.475 11.3 0.086 
12 246.5 12.04 11.5 13.975 8.5 0.064 
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Table A-V: Experimental data for dehydration of chicory cubes by tray drier at 
60°C 
Drying Rate, R 
Drying Weight of Moisture Average Average Water g water removed 
time, Sample Content %, Time, Moisture Removed, /min/IOOgof 
h (g) (d.b.) h / Content, g dry weight 
%(d.b.) 
0 1000 354.54 
1 771.6 250.72 0.5 302.63 228.4 1.73 
2 631.2 186.91 1.5 218.815 140.4 1.064 
3 
4 
5 
6 
7 
8 
9 
10 
532.3 
444.6 
375.5 
326.4 
290.1 
271.4 
256.9 
247.3 
141.95 
102.1 
70.68 
48.36 
31.86 
23.36 
16.77 
12.41 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
164.43 
122.025 
86.39 
59.52 
40.11 
27.61 
20.065 
14.59 
98.9 
87.7 
69.1 
49.1 
36.3 
18.7 
14.5 
9.6 
0.749 
0.664 
0.523 
0.372 
0.275 
0.142 
0.11 
0.073 
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Table A-VI: Experimental data for dehydration of chicory cubes by tray drier at 
70X 
Drying Weight of Moisture Average Average Water Drying Rate, R 
time, Sample Content %, Time, Moisture Removed, g water removed /min/ 
h (g) (d.b.) liY- Content, g 100 g of dry weight 
%(d.b.) 
0 . 1000 354.54 0.5 
1 773.7 251.68 1.5 303.11 226.3 1.714 
2 594.3 170.14 2.5 210.91 179.4 1.36 
3 481.6 118.91 3.5 144.525 112.7 0.854 
4 395.8 79.91 4.5 99.41 85.8 0.65 
0.466 
0.37 
0.221 
0.074 
5 
6 
7 
8 
334.2 
285.3 
256.1 
246.3 
51.91 
29.68 
16.41 
11.95 
5.5 
6.5 
7.5 
8.5 
65.91 
40.795 
37.885 
14.18 
61.6 
48.9 
29.2 
9.8 
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Table A-VII: Experimental data for dehydration of chicory cubes by tray drier 
at 80°C 
Drying Rate, 
Drying Weight of Moisture Average Average Water R g water 
time, h Sample (g) Content %, Time, -. Moisture Removed, removed 
(d.b.) ^^ Content, g /min/100gof 
%(d.b.) dry weight 
0 1000 354.54 0.5 
714.6 224.81 1.5 289.675 285.4 2.162 
533 142.27 2.5 183.54 181.6 1.376 
419.6 90.73 3.5 116.5 113.4 0.859 
7 
334.4 
283.7 
258.6 
246.2 
52 
28.95 
17.54 
11.91 
4.5 
5.5 
6.5 
7.5 
71.365 
40.475 
23.245 
14.725 
85.2 
50.7 
25.1 
12.4 
0.645 
0.384 
0.19 
0.094 
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Table A-VIII: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 70°C and outlet air velocity 
11.8 m/sec 
Drying 
time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
Weight of 
Sample 
(g) 
1000 
816.3 
700.9 
598.2 
519.3 
455.6 
405.4 
367.3 
342.7 
323.6 
307.3 
292.7 
281.5 
275.2 
269.6 
264.6 
261.5 
259.4 
257.5 
256.8 
256.6 
Moisture 
Content 
%, (d.b.) 
354.54 
271.04 
218.59 
170.9 
136.04 
107.09 
84.27 
66.95 
55.77 
47.09 
39.68 
33.04 
27.95 
25.09 
22.54 
20.27 
18.86 
17.9 
17.04 
16.72 
16.64 
Average 
Time, rrtm 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
Average 
Moisture 
Content, 
%(d.bj 
312.79 
262.25 
194.745 
153.47 
121.565 
95.68 
75.61 
61.36 
51.43 
43.39 
36.36 
30.5 
26.52 
23.82 
21.41 
19.57 
18.38 
17.47 
16.88 
16.68 
Water 
Removed, 
9 
183.7 
115.4 
102.7 
78.9 
63.7 
50.2 
38.1 
24.6 
19.1 
16.3 
14.6 
11.2 
6.3 
5.6 
5 
3.1 
2.1 
1.9 
0.7 
0.2 
Drying 
Rate, R 
16.7 
10.49091 
9.336364 
7.172727 
5.790909 
4.563636 
3.463636 
2.236364 
1.736364 
1.481818 
1.327273 
1.018182 
0.572727 
0.509091 
0.454545 
0.281818 
0.190909 
0.172727 
0.063636 
0.018182 
185 
Table A-IX: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 70°C and outlet air velocity 9.8 m/sec 
Drying 
time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
Weight of 
Sample 
(g) 
1000 
837.2 
728.6 
644.2 
562.4 
498.8 
446.7 
402.4 
373.9 
345.6 
325.2 
311.8 
300.1 
290.6 
282.5 
276.8 
272.2 
269.7 
268.6 
267.7 
267.1 
266.7 
266.5 
266.4 
Moisture 
Content 
%, (d.b.) 
354.54 
280.54 
231.18 
192.72 
155.63 
126.72 
103.04 
82.91 
69.95 
57.09 
47.82 
41.72 
36.41 
32.09 
28.41 
25.82 
23.73 
22.59 
22.09 
21.68 
21.41 
21.23 
21.41 
21.09 
Average 
Time, mtvi 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
102.5 
107.5 
112.5 
Average 
Moisture 
Content, 
%(d.b.) 
317.54 
256.17 
212.26 
174.18 
141.18 
114.88 
92.98 
76.43 
63.52 
52.46 
44.77 
39.07 
34.25 
30.25 
27.12 
24.78 
23.16 
22.34 
22.89 
21.55 
21.32 
21.19 
21.12 
Water 
Removed, 
g 
162.8 
108.6 
84.4 
81.8 
63.6 
52.1 
44.3 
28.5 
28.3 
20.4 
13.4 
11.7 
9.5 
8.1 
5.7 
4.6 
2.5 
1.1 
0.9 
0.6 
0.4 
0.2 
0.1 
Drying 
rate, R 
14.8 
9.872727 
7.672727 
7.436364 
5.781818 
4.736364 
4.027273 
2.590909 
2.572727 
1.854545 
1.218182 
1.063636 
0.863636 
0.736364 
0.518182 
0.418182 
0.227273 
0.1 
0.081818 
0.054545 
0.036364 
0.018182 
0.009091 
186 
Table A-X: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 70°C and outlet air velocity 7.8 m/sec 
Drying 
time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
Weight of 
Sample 
(g) 
1000 
852.8 
762.1 
675.5 
593.8 
527.7 
473.2 
428.4 
398.5 
370.8 
349.4 
331.6 
317.5 
305.3 
294.2 
285.8 
280.3 
278.1 
276.9 
276.3 
275.9 
275.5 
275.2 
275.1 
275 
Moisture 
Content %, 
(d.b.) 
354.54 
287.63 
246.41 
207.04 
169.91 
139.86 
115.09 
94.73 
81.14 
68.55 
58.82 
50.73 
45.32 
38.77 
33.73 
29.91 
27.41 
26.41 
25.86 
25.59 
25.41 
25.23 
25.09 
25.05 
25 
Average 
Time, mm 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
102.5 
107.5 
112.5 
117.5 
Average 
Moisture 
Content, 
%(d.b.) 
321.09 
267.02 
226.73 
188.48 
154.89 
127.48 
104.91 
87.94 
74.85 
63.69 
54.78 
48.03 
42.05 
36.25 
31.82 
28.66 
26.91 
26.14 
25.73 
25.5 
25.32 
25.16 
25.07 
25.03 
Water 
removed, 
g 
147.2 
90.7 
86.7 
81.7 
66.8 
54.5 
44.8 
29.9 
27.7 
21.4 
17.8 
14.1 
12.2 
11.1 
8.4 
5.5 
2.2 
1.2 
0.6 
0.4 
0.4 
0.3 
0.1 
0.1 
Drying 
rate, R 
13.38182 
8.245454 
7.881818 
7.427273 
6.072727 
4.954545 
4.072727 
2.718182 
2.518182 
1.945455 
1.618182 
1.281818 
1.109091 
1.009091 
0.763636 
0.5 
0.2 
0.109091 
0.054545 
0.036364 
0.036364 
0.027273 
0.009091 
0.009091 
187 
Table A-XI: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 75°C and outlet air velocity 
11.8 m/sec 
Drying 
time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
Weight of 
Sample 
(g) 
1000 
794.4 
680.2 
574.6 
500.8 
438.1 
386.9 
355.5 
328.6 
307.3 
296.5 
285.8 
277.4 
270.2 
265.6 
261.5 
258.3 
256.2 
254.9 
254.3 
254.3 
Moisture 
Content 
%, (d.b.) 
354.54 
216.09 
209.18 
161.18 
127.64 
99.14 
75.86 
61.59 
48.7 
39.6 
34.8 
29.91 
25.9 
22.8 
21 
21.1 
17.9 
16.45 
15.86 
15.59 
15.59 
Average 
Time, mm 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
Average 
Moisture 
Content, 
%(d.b.) 
307.82 
235.14 
185.18 
144.41 
113.39 
87.5 
68.73 
55.15 
44.15 
37.2 
32.36 
27.91 
24.36 
21.9 
20.55 
19 
17.18 
16.16 
15.73 
15.59 
Water 
Removed, 
g 
205.6 
114.2 
105.6 
73.8 
62.7 
51.2 
31.4 
26.9 
21.3 
10.8 
10.7 
8.4 
7.2 
4.6 
4.1 
3.2 
2.1 
1.3 
0.6 
0 
Drying 
Rate, R 
18.69091 
10.38182 
9.6 
6.709091 
5.7 
4.654545 
2.854545 
2.445455 
1.936364 
0.981818 
0.972727 
0.763636 
0.654545 
0.418182 
0.372727 
0.290909 
0.190909 
0.118182 
0.054545 
0 
188 
Table A-XII: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 75°C and outlet air velocity 
9.8 m/sec 
Drying 
time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
Weight of 
Sample 
(9) 
1000 
824.1 
714.8 
614.2 
530 
464.1 
414.5 
375.8 
344.6 
319.3 
305.6 
296.4 
288.9 
282.4 
277.4 
273.6 
270.4 
267.9 
266.7 
266 
265.5 
265.5 
Moisture 
Content 
%, (d.b.) 
354.54 
274.6 
224.9 
179.2 
140.9 
110.95 
88.41 
70.81 
56.64 
45.14 
38.91 
34.73 
31.32 
28.36 
26.1 
24.36 
22.91 
21.71 
21.23 
20.91 
20.68 
20.68 
Average 
Time, mm 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
102.5 
Average 
Moisture 
Content, 
%(d.b.) 
314.57 
249.75 
202.05 
160.05 
125.93 
99.68 
79.61 
63.725 
50.89 
42.03 
36.82 
33.03 
29.84 
27.23 
25.23 
23.64 
22.31 
21.47 
21.07 
20.8 
20.68 
Water 
removed, 
g 
175.9 
109.3 
100.6 
84.2 
65.9 
49.6 
38.3 
31.2 
25.3 
13.4 
9.5 
7.5 
6.5 
5 
3.8 
3.2 
2.5 
1.2 
0.7 
0.5 
0 
Drying 
rate, g 
15.99091 
9.936364 
9.145454 
7.654545 
5.990909 
4.509091 
3.481818 
2.836364 
2.3 
1.218182 
0.863636 
0.681818 
0.590909 
0.454545 
0.345455 
0.290909 
0.227273 
0.109091 
0.063636 
0.045455 
0 
189 
Table A-XIII: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 75°C and outlet air velocity 
7.8 m/sec 
Drying 
time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
Weight of 
Sample 
(g) 
1000 
837.8 
739.1 
648.6 
562.7 
489.9 
435.1 
391.8 
360.6 
336.5 
321.1 
306.99 
299.7 
292.4 
286.3 
281.1 
276.6 
273.6 
271.1 
270.4 
269.8 
269.5 
269.3 
Moisture 
Content 
%, (d.b.) 
354.54 
280.82 
235.95 
194.82 
155.77 
122.68 
97.77 
78.11 
63.91 
52.95 
45.95 
39.5 
36.23 
32.91 
30.14 
27.77 
25.73 
24.36 
23.23 
22.91 
22.64 
22.5 
22.41 
Average 
Time, tn/i 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
102.5 
107.5 
Average 
Moisture 
Content, 
%{d^J 
317.68 
258.39 
215.39 
175.3 
139.23 
110.23 
87.94 
71.01 
58.43 
49.45 
42.73 
37.87 
34.57 
31.53 
28.96 
26.75 
25.05 
23.8 
23.07 
22.78 
22.57 
22.46 
Water 
removed, 
g 
162.2 
98.7 
90.5 
85.9 
72.8 
54.8 
43.3 
31.2 
24.1 
15.4 
14.2 
7.2 
7.3 
6.1 
5.2 
4.5 
3 
2.5 
0.7 
0.6 
0.3 
0.2 
Drying 
rate, R 
14.74545 
8.972727 
8.227273 
7.809091 
6.618182 
4.981818 
3.936364 
2.836364 
2.190909 
1.4 
1.290909 
0.654545 
0.663636 
0.554545 
0.472727 
0.409091 
0.272727 
0.227273 
0.063636 
0.054545 
0.027273 
0.018182 
190 
Table A-XIV: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 80°C and outlet air velocity 
11.8 m/sec 
Drying 
Time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
Weight of 
Sample 
(g) 
1000 
783.8 
651.4 
522.2 
465.6 
409.3 
370.2 
340.5 
317.2 
295.8 
285.1 
276.9 
270.1 
264.3 
259.4 
255.2 
252.4 
251.2 
250.4 
250.2 
Moisture 
Content 
%, (d.b.) 
354.54 
256.27 
195.91 
151 
111.64 
86.04 
68.27 
54.77 
44.18 
34.45 
29.59 
25.86 
22.77 
20.14 
17.91 
16 
14.73 
14.18 
13.81 
13.72 
Average 
Time, tnni 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
Average 
Moisture 
Content, 
%(d.b.) 
305.405 
226.09 
173.455 
131.32 
98.84 
77.155 
61.52 
49.475 
39.315 
32.02 
27.725 
24.315 
21.455 
19.025 
16.955 
15.365 
14.455 
13.995 
13.77 
Water 
removed, 
g 
216,2 
132.4 
129.2 
56.6 
56.3 
39.1 
29.7 
23.3 
21.4 
10.7 
8.2 
6.8 
5.8 
4.9 
4.2 
2.8 
1.2 
0.8 
0.2 
Drying 
Rate, R 
19.65455 
12.03636 
11.74545 
5.145454 
5.118182 
3.554545 
2.7 
2.118182 
1.945455 
0.972727 
0.745455 
0.618182 
0.527273 
0.445455 
0.381818 
0.254545 
0.109091 
0.072727 
0.018182 
191 
Table A-XV: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 80°C and outlet air velocity 
9.8 m/sec 
Drying 
Rate, 
h 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
Weight of 
Sample 
(g) 
1000 
797.7 
686.1 
578.8 
499.1 
438.3 
394 
358.7 
331.8 
307.9 
292.5 
284.9 
277.4 
270.6 
265.8 
262.2 
259.4 
258.7 
258.5 
258.3 
Moisture 
Content 
%, (d.b.) 
354.54 
262.59 
211.86 
163.09 
126.86 
99.23 
79.09 
63.04 
50.81 
39.95 
32.95 
29.5 
26.09 
23 
20.81 
19.18 
17.9 
17.59 
17.5 
17.4 
Average 
Time, THIM 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
Average 
Moisture 
Content, 
%(d.bj^ 
308.565 
237.225 
187.475 
144.975 
113.045 
89.16 
71.065 
56.925 
45.38 
36.45 
31.225 
27.795 
37.59 
21.905 
19.68 
18.54 
17.745 
17.545 
17.45 
Water 
removed, 
g 
202.3 
111.6 
107.3 
79.7 
60.8 
44.3 
35.3 
26.9 
23.9 
15.4 
7.6 
7.5 
6.8 
4.8 
3.6 
2.8 
0.7 
0.2 
0.2 
Drying Rate, 
R 
18.39091 
10.14545 
9.754545 
7.245454 
5.527273 
4.027273 
3.209091 
2.445455 
2.172727 
1.4 
0.690909 
0.681818 
0.618182 
0.436364 
0.327273 
0.254545 
0.063636 
0.018182 
0.018182 
192 
Table A-XVI: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature SOX and outlet air velocity 
7.8 m/sec 
Drying 
time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
Weight of 
Sample 
(g) 
1000 
814.3 
705.1 
610.2 
528.1 
459.8 
409.2 
372.6 
344.6 
320.3 
298.6 
291.3 
286.1 
281.3 
277.4 
274.3 
272.4 
271.3 
270.6 
270.1 
269.7 
269.5 
Moisture 
Content 
%, (d.b.) 
354.54 
270.13 
224.14 
177.36 
140.05 
109 
86 
69.4 
56.64 
45.6 
35.73 
32.41 
30.04 
27.86 
26.1 
24.68 
23.81 
23.32 
23 
22.77 
22.59 
22.5 
Average 
Time, triiv) 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
102.5 
Average 
Moisture 
Content, 
%(d.b.) 
312.335 
247.135 
200.75 
158.705 
124.525 
97.5 
77.7 
63.02 
51.12 
63.465 
34.07 
31.225 
28.95 
26.98 
25.39 
24.25 
23.52 
23.16 
22.89 
22.68 
22.55 
Water 
Rate, 
g 
185.7 
109.2 
94.9 
82.1 
68.3 
50.6 
36.8 
28 
24.3 
21.7 
7.3 
5.2 
4.8 
3.9 
3.1 
1.9 
1.1 
0.7 
0.5 
0.4 
0.2 
Drying Rate, 
R 
16.88182 
9.927273 
8.627273 
7.463636 
6.209091 
4.6 
3.345455 
2.545455 
2.209091 
1.972727 
0.663636 
0.472727 
0.436364 
0.354545 
0.281818 
0.172727 
0.1 
0.063636 
0.045455 
0.036364 
0.018182 
193 
Table A-XVII: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 85°C and outlet air velocity 
11.8 m/sec 
Drying 
time, h 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
Weight of 
Sample 
(g) 
1000 
772.2 
635.1 
519 
444.8 
389.4 
356.6 
325.5 
305.7 
288.2 
276.7 
268.2 
262.3 
258.2 
254.6 
252 
250.8 
250.1 
250.1 
Moisture 
Content %, 
(d.b.) 
354.54 
250.9 
188.6 
135.9 
102.18 
76.18 
62.09 
47.95 
38.95 
31 
25.73 
21.91 
21.09 
19.22 
15.73 
14.55 
14 
13.68 
13.68 
Average 
Time, mil 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
Average 
Moisture 
Content, 
%(d.b.) 
302.72 
219.79 
162.29 
119.04 
89.18 
96.132 
55.02 
43.45 
34.975 
28.365 
23.82 
22.5 
20.155 
17.475 
15.14 
14.275 
13.84 
13.84 
Water 
Removed 
227.8 
137.1 
116.1 
74.2 
60.4 
32.8 
31.1 
19.8 
17.5 
11.5 
8.5 
5.9 
4.1 
3.6 
2.6 
1.2 
0.7 
0 
Drying Rate, (R) 
g water removed 
/min/100 g of dry 
weight 
20.70907 
12.46362 
10.55453 
6.745448 
5.490904 
2.981815 
2.82727 
1.799998 
1.590908 
1.045454 
0.772727 
0.536363 
0.372727 
0.327272 
0.236363 
0.109091 
0.063636 
0 
194 
Table A-XVIII: Experimental data for dehydration of chicory cubes by fluidized 
bed drying at air temperature 85°C and outlet air velocity 
9.8 m/sec 
Drying 
time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
Weight of 
Sample (g) 
1000 
782.8 
656.7 
543.2 
469.7 
411.9 
373.9 
342.6 
316.8 
296 
284.2 
275.2 
268.1 
262.6 
258.5 
255.7 
254.4 
254 
253.9 
Moisture 
Content %, 
(d.b.) 
354.54 
255.82 
198.5 
146.91 
113.5 
87.22 
69.9 
55.8 
43.8 
34.5 
29.18 
25.1 
22.77 
20.27 
17.81 
16.14 
15.8 
15.5 
15.32 
Average 
Time, tn^ 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
Average 
Moisture 
Content, 
%(d.b.) 
305.18 
227.16 
201.365 
130.205 
100.36 
78.56 
62.7 
49.8 
39.15 
31.84 
28.47 
23.935 
21.52 
19.04 
16.975 
15.97 
15.65 
15.56 
Water 
Removed, 
g 
217.2 
126.1 
113.5 
73.5 
57.8 
38 
31.3 
25.8 
20.7 
11.9 
9 
7.1 
5.5 
4.1 
2.8 
1.3 
0.4 
0.1 
Drying Rate, 
(R) 
19.74545 
11.46364 
10.31818 
6.681818 
5.254545 
3.454545 
2.845455 
2.345455 
1.881818 
1.081818 
0.818182 
0.645455 
0.5 
0.372727 
0.254545 
0.118182 
0.036364 
0.009091 
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Table A-XIX: Experimental data for dehydration of chicory cubes by fluldized 
bed drying at air temperature 85°C and outlet air velocity 
7.8 m/sec 
Drying 
time, 
min 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
Weight of 
Sample (g) 
1000 
794.3 
680.9 
574.1 
496.2 
438.8 
396.4 
361.1 
335.2 
310.6 
297.7 
290 
282.5 
276.4 
271.6 
268.5 
266.7 
265.4 
264.8 
264.4 
264.4 
Moisture 
Content 
%, (d.b.) 
354.54 
261.04 
209.5 
160.95 
125.54 
99.45 
80.18 
64.14 
61.45 
41.18 
35.32 
31.81 
28.41 
25.64 
23.45 
22.04 
21.23 
20.63 
20.36 
20.18 
20.09 
Average 
Time, n 
2.5 
7.5 
12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 
Average 
Moisture 
Content, 
%(d.b.) 
307.79 
235.27 
185.225 
143.245 
112.495 
89.815 
72.16 
62.795 
51.315 
38.25 
33.25 
29.66 
26.89 
24.545 
22.745 
21.635 
20.93 
20.495 
20.27 
20.135 
Water 
Removed, 
g 
205.7 
113.4 
106.8 
77.9 
57.4 
42.4 
35.3 
25.9 
24.6 
12.9 
7.7 
7.6 
6.1 
4.8 
3.1 
1.8 
1.3 
0.6 
0.4 
0.2 
Drying Rate, R 
g water removed 
/min/100 g of dry 
weight 
18.69998 
10.30908 
9.709081 
7.081811 
5.218177 
3.854542 
3.209088 
2.354543 
2.236361 
1.172726 
0.699999 
0.690908 
0.554545 
0.436363 
0.281818 
0.163636 
0.118182 
0.054545 
0.036364 
0.018182 
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Table A-XIX (a-1) Experimental data for dehydration time of chicory cubes by 
fluidized bed drying at air temperatures TOX, 75°C, 80°C, 85°C 
and outlet air velocity 7.8 m/sec, 9.8 m/sec and 11.8 m/sec 
Temperature (s) 
70 "C 
75 "C 
80 "C 
85 "C 
Outlet Air Velocity 
7.8 m/sec 
120 
110 
105 
100 
9.8 m/sec 
115 
100 
95 
90 
11.8 m/sec 
100 
95 
95 
85 
Table A-XIX (a-2) ANOVA for dehydration time of chicory cubes by fluidized bed 
drying at air temperatures 70X, 75°C, 80°C, 85°C and outlet air 
velocity 7.8 m/sec, 9.8 m/sec and 11.8 m/sec 
ANOVA 
Source of Variation SS df IVIS P-value F crit 
Between Groups 
Within Groups 
Total 
454.1667 2 227.0833 2.972727 0.102047 4.256492 
687.5 9 76.38889 
1141.667 11 
Table A-XIX (a-3) ANOVA for microbial washing efficiency chicory roots washed 
by the PAU washer 
ANOVA 
Source of Variation SS df IVIS P-value F crit 
Between Groups 
Within Groups 
Total 
8104.009 3 2701.336 22.28121 5.61 E-08 2.901118 
3879.627 32 121.2383 
11983.64 35 
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Table A-XX: Extermination of sugars and browning index 
SI. 
No. Drying methods 
%, 
Reducing 
sugars 
0/ 
/o, 
Total 
sugar as 
invert 
sugar 
%, 
Sucrose 
%, 
Total 
sugar 
Browning 
index 
1 Traditional sun drying 
2 Improved sun drying 
3 Solar drying 
4 Electrically operated tray drying 
at 50° C 
4.808 12.654 7.4537 12.2617 0.14 
2.861 9.234 6.05435 8.91535 0.039 
2.423 8.006 5.30385 7.72685 0.027 
3.13 8.875 5.45775 8.58775 0.018 
5 Electrically operated tray drying 
at 60° C 
2.874 8.756 5.5879 8.4619 0.019 
6 Electrically operated tray drying 
at 70° C 
2.92 8.632 5.4264 8.3464 0.029 
7 Electrically operated tray drying 
at 80° C 
8 Fluidized bed drying at 70° C, 
7.8m/sec 
9 Fluidized bed drying at 70° C, 
9.8m/sec 
10 Fluidized bed drying at 70° C, 
11.8m/sec 
11 Fluidized bed drying at 75° C, 
7.8m/sec 
12 Fluidized bed drying at 75° C, 
9.8m/sec 
13 Fluidized bed drying at 75° C, 
11.8m/sec 
14 Fluidized bed drying at 80° C, 
7.8m/sec 
2.92 8.521 5.32095 8.24095 
2.101 8.01 5.61355 7.71455 
1.998 7.825 5.53565 7.53365 
1.996 7.825 5.53755 7.53355 
1.981 7.223 4.9799 6.9609 
1.978 7.201 4.96185 6.93985 
1.928 7.113 4.92575 6.85375 
1.883 6.982 4.84405 6.72705 
0.035 
0.012 
0,014 
0.015 
0.011 
0.013 
0.015 
0.010 
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15 Fluidized bed drying at 80° C, 1.852 6.902 4.7975 6.6495 0.010 
9.8m/sec 
16 Fluidized bed drying at 80° C, 1.841 6.988 4.88965 6.73065 0.010 
11.8m/sec 
17 Fluidized bed drying at 85° C, 1.875 6.983 4.8526 6.7276 0.010 
7.8m/sec 
18 Fluidized bed drying at 85° C, 1.844 6.985 4.88395 6.72795 0.011 
9.8m/sec 
19 Fluidized bed drying at 85° C, 1.838 6.982 4.8868 6.7248 0.011 
11.8m/sec 
Table A-XX (a) ANOVA of sugars and browning index 
ANOVA 
Source of Variation ss df MS F P-value F crit 
Between sugars and 
browning index 900.4209 4 225.1052 240.6722 7.84E-47 2.474088 
Within sugars and 
browning index 83.24338 89 0.935319 
Total 983.6643 93 
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